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Introduction 
Cowden syndrome (CS) is an autosomal dominant disorder characterized by multiple 

hamartomas and a high risk of breast, thyroid and other cancers (reviewed by Eng 1). 

The risk of breast cancer in affected women can range from 25-50% 2>3. The PI mapped 

the CS gene to 10q22-23 4 and subsequently identified PTEN, encoding a dual specificity 

phosphatase, as the or at least a major CS susceptibility gene 5. That PTEN is a major CS 

gene was subsequently confirmed by other groups 6-8. in addition, the PI has shown that 
germline PTEN mutations cause a proportion of Bannayan-Riley-Ruvalcaba syndrome 
(BRR), an autosomal dominant disorder characterized by megencephaly, mental 
retadartion, lipomatosis, and speckled penis, previously thought not to be associated with 
cancer 9. 

Because CS is difficult to diagnose and is under-recognized and therefore under- 
diagnosed, the PI chairing the International Cowden Consortium synthesized a set of 

diagnostic criteria for the operational diagnosis of CS (Table 1)10, initially for research 
purposes and now, for clinical diagnostic purposes as well. 

Table 1. International Cowden Consortium Diagnostic Criteria for CS 
Pathognomonic Criteria 
Mucocutanous lesions: 

Trichilemmomas, facial 
Acral keratoses 
Papillomatous papules 
Mucosal lesions 

Major Criteria 
Breast CA 
Thyroid CA, esp. follicular thyroid carcinoma 
Macrocephaly (Megalencephaly) (say, >97%ile) 
Lhermitte-Duclos disease (LDD) 

Minor Criteria 
Other thyroid lesions (e.g adenoma or multinodular goiter) 
Mental retardation (say, IQ <_75) 
GI hamartomas 
Fibrocystic disease of the breast 
Lipomas 
Fibromas 
GU tumors (eg uterine fibroids) or malformation 

Operational Diagnosis in an Individual: 
1. Mucocutanous lesions alone if: 
a) there are 6 or more facial papules, of which 3 or more must be trichilemmoma, or 
b) cutaneous facial papules and oral mucosal papillomatosis, or 
c) oral mucosal papillomatosis and acral keratoses, or 
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d) palmo plantar keratoses, 6 or more 
2. 2 Major criteria but one must include macrocephaly or LDD 
3. 1 Major and 3 minor criteria 
4. 4 minor criteria 

Operational Diagnosis in a Family where One Individual is Diagnostic for Cowden 
1. The pathognomonic criterion/ia 
2. Any one major criterion with or without minor criteria 
3. Two minor criteria 

The question of "cryptic" CS or the frequency of mutation-proven CS in individuals or 
families presenting with components of CS, such as breast cancer and/or thyroid cancer 
and/or endometrial cancer is important for the patient and his/her family with regard to 
medical management. In this regard, this proposal asks two main questions: 

Task 1: What proportion of familial breast cancer only families have CS? 

Task 2: What proportion of CS-like families, which do not make the full diagnostic 
criteria of the International Cowden Consortium (Table 1) have germline PTEN 
mutations, with its full implications, targeting cases and families that have breast and/or 
thyroid/endometrial cancer. 

Body 
Task 1: Germline PTEN mutations in breast cancer only families 
To date, a total of 15 site specific breast cancer families that are mutation negative for 
BRCA1 and BRCA2 have been accrued and documented. All 15 are germline PTEN 
mutation negative. Approximately half of the afftected tested individuals are heterozyous 
at Pr.£yVIVS8+32T/G, thus excluding whole gene deletion. At this point, there is 
extensive data to show that gross gene deletion only results in BRR and even then, it is 

rare * 1. Again, all this analysis has been performed from small amounts of DNA left 
from old samples used for BRCA searches or from paraffin-embedded archived material, 
thus making Southern analysis impossible on these particular samples. 

The plans for Years 2 and 3 is to continue accrual of site specific breast cancer families 
without BRCA1 and BRCA2 mutations for PCR-based germline PTEN analysis. These 
hopefully will be from peripheral blood leucocytes, thus making Southern analysis 
possible. The promoter lies within or is 250 kb long. Efforts by our lab and other labs 
are beginning to determine which portion or all of this segment is the minimal "true" 
promoter. If feasible after these analyses, then promoter mutation analysis will be 
performed in these families as well. 

It would also appear from recent data (from our lab and others) that PTEN can be 
silenced or "inactivated" by causes other than structural gene alteration (ie mutation or 
deletion) (eg, Dahia et al 1999 12). In this regard, the PI plans to extend Task 1 to 
include examination of PTEN expression using immunohistochemistry to delineate 
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whether structural and/or other epigenetic phenomena pertain in PTEN inactivation in 
breast carcinogenesis. 

Task 2: Mutation Analysis in Non-CS Breast-Thyroid and/or Endometrial 
Carcinoma Families/Individuals ("CS-Like Families") 
To date, a total of 70 individuals or families with a CS-like syndrome have been accrued 
and cancers and tumors in affected individuals have been documented either with 
pathology report (preferable), death certificate or physician's notes. Each of these cases 
or families does not meet the operational diagnostic criteria for CS (Table 1). Further, 
they must minimally have at least one member with nonmedullary thyroid carcinoma and 
at least one other related member with breast cancer diagnosed at any age. They could 
also comprise single cases with both nonmedullary thyroid tumor and breast cancer. 
Among these 70 families/individuals, 1 germline PTEN mutation, c.209T->C (exon 3), 
was detected *3 (unpublished data). This was detected in a family where the proband 
was diagnosed with follicular thyroid carcinoma at the age of 31 and his mother had 
breast carcinoma diagnosed at 49 and 53, respectively, and endometrial carcinoma at 63. 
Half of these families/individuals were heterozygous at IVS8+32T/G thus excluding 
whole gene deletion. We and others have also shown that in CS and even BRR, whole 
gene deletion is rare 5,7,9,11,14,15   indeed, if PTEN is grossly deleted, only the BRR 
phenotype results 11. Therefore, for the moment, the PI has decided that further 
hemizygote analysis on the large scale is not cost-efficient nor scientifically warranted. 

From this Year 1 analysis, it would appear that the endometrial cancer feature in CS-like 
cases and families might increase the likelihood of finding a germline PTEN mutation. 
Therefore, while accrual of further CS-like families will continue, the PI will target 
families with endometrial pathology for Years 2 and 3. Southern analysis must await 
further accrual as amount of DNA per sample is limited with much of the analyses of 
these first 70 occurring off DNA templates extracted from paraffin-embedded archival 
material. Although promoter analysis was proposed in the original SOW, the promoter is 
within a 250 kb segment. We and others are trying to determine if the true promoter may 
be within a more confined region before beginning genetic analyses - this strategy would 
be meaningful. 
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Key Research Accomplishments 
Taskl 
• Clinical-genetic database being set up 

Task 2 
• Clinical-genetic database of CS-like families being set up 

• Delineate the frequency of occult germline PTEN mutation in CS-like families and 
individuals 

• Discovered that based on molecular data, the clinical operational diagnostic criteria 
for classic CS is robust 

• Based on the findings thus far, the PI as Chair of the International Cowden 
Consortium has recommended that endometrial carcinoma be added to the list of 
major criteria in the operational diagnosis of CS (see Table 1 for 1995 Criteria). This 
is the first data-based update of criteria since 1995. The US NCCN/Genetic-High 
Risk Panel has agreed to adopt this revision in their 2000 guidelines. 

Reportable Outcomes 

Marsh DJ, Dahia PLM, Caron S, Kum JB, Frayling IM, Tomlinson IPM, Hughes KS, 
Hodgson SV, Murday VA, Houlston R, Eng C. Germline PTEN mutations in Cowden 
syndrome-like families. J Med Genet 1998; 35:881-5. 
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Conclusions 

In Year 1 of the grant, the PI has continued to accrue non-CS families and individuals. A 
clinical-genetic database is actively being built. It is envisioned that this will be on-going 
for the next 2 years. Because of the Pi's disruptive move from Boston in the beginning 
of the year, the database assistant is just being hired (the PI herself was manually 
inputting and analyzing data). Nonetheless, in the first analysis of non-CS CS-like 
families and individuals, the PI has found approximately 1.5-2% with an occult germline 
PTEN mutation. Re-examination of the family has found that they have breast, thyroid 
and endometrial cancer and no other stigmata of CS. Thus, the PI preliminarily 
concludes that the Clinical Operational Criteria for CS Diagnosis proposed by the 
International Cowden Consortium is robust, and that perhaps, endometrial carcinoma 
should be added to the list of major criteria. 

In order to confirm these early findings, the PI will continue to accrue such CS-like 
families and individuals but to enrich for endometrial cancer or non-neoplastic 
endometrial disease (eg young onset endometrial fibroids can be a feature of CS). 
Germline PTEN mutation analysis will be pursued and the promoter elucidated and 
finally examined for alterations. 
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Abstract 
Cowden syndrome (CS) or multiple 
hamartoma syndrome (MIM 158350) is an 
autosomal dominant disorder with an 
increased risk for breast and thyroid 
carcinoma. The diagnosis of CS, as opera- 
tionally defined by the International Cow- 
den Consortium, is made when a patient, 
or family, has a combination of pathogno- 
monic major and/or minor criteria. The 
CS gene has recently been identified as 
PTEN, which maps at 10q23.3 and encodes 
a dual specificity phosphatase. PTEN 
appears to function as a tumour suppres- 
sor in CS, with between 13-80% of CS 
families harbouring germline nonsense, 
missense, and frameshift mutations pre- 
dicted to disrupt normal PTEN function. 
To date, only a small number of tumour 
suppressor genes, including BRCA1, 
BRCA2, and p53, have been associated 
with familial breast or breast/ovarian can- 
cer families. Given the involvement of 
PTEN in CS, we postulated that PTEN was 
a likely candidate to play a role in families 
with a "CS-like" phenotype, but not 
classical CS. To answer these questions, we 
gathered a series of patients from families 
who had features reminiscent of CS but 
did not meet the Consortium Criteria. 
Using a combination of denaturing grad- 
ient gel electrophoresis (DGGE), temporal 
temperature gel electrophoresis (TTGE), 
and sequence analysis, we screened 64 
unrelated CS-like subjects for germline 
mutations in PTEN. A single male with 
follicular thyroid carcinoma from one of 
these 64 (2%) CS-like families harboured a 
germline point mutation, C.209T—>C. This 
mutation occurred at the last nucleotide of 
exon 3 and within a region homologous to 
the cytoskeletal proteins tensin and auxi- 
lin. We conclude that germline PTEN 
mutations play a relatively minor role in 
CS-like families. In addition, our data 
would suggest that, for the most part, the 
strict International Cowden Consortium 
operational diagnostic criteria for CS are 
quite robust and should remain in place. 
(JMed Genet 1998;35:881-885) 

Keywords: PTEN; Cowden syndrome; breast; thyroid 

Breast and thyroid carcinoma are two fre- 
quently occurring neoplasms in the female 
population. Increased risks for both breast and 
thyroid cancer are prominent features of Cow- 
den syndrome (CS). The hallmark phenotype of 
this inherited cancer syndrome is the presence of 
hamartomas, developmentally incorrect, be- 
nign, hyperplastic growths, in multiple organ 
systems including the skin, gastrointestinal tract, 
central nervous system, breast, and thyroid. 
Breast cancer will develop in 25-50% of women 
with CS and 3-10% of all CS patients will 
develop thyroid cancer.12 At present, only four 
tumour suppressor genes have been associated 
with familial breast cancer, BRCA1, BRCA2, 
p53, and PTEN." Initially thought to account 
for over 80% of hereditary breast cancer,8 9 

germline mutations in BRCA1 and BRCA2 
together are now thought to account for 25-50% 
of all familial breast cancer,10 thus opening up 
the possibility of other BRCAX genes. Along 
these lines, germline mutations in p53 are asso- 
ciated with 70% of cases of Ii-Fraumeni 
syndrome, an autosomal dominant condition 
comprising breast cancer, brain tumours, sarco- 
mas, and adrenocortical carcinomas.3 4 " Re- 
cently, the CS susceptibility gene has been iden- 
tified as the tumour suppressor gene PTEN, also 
known as MMAC1 and TEP1.71214 PTEN 
maps to 10q23.3 and encodes a 403 amino acid 
dual specificity phosphatase.12"15 Germline mis- 
sense and truncating mutations have been 
reported in between 13-80% of patients with 
CS.716~18 It should be noted that while initial 
linkage studies of 12 families with CS was highly 
suggestive of a single locus for CS,19 a subse- 
quent study proposes that genetic heterogeneity 
may exist in CS.16 

At the somatic level, PTEN has been shown 
to be mutated or deleted in a number of human 
malignancies, including sporadic breast, brain, 
prostate, and kidney cancer cell lines, as well as 
in a number of primary tumours including 
endometrial carcinomas, glioblastomas, malig- 
nant melanoma, and thyroid and breast 
tumours.20-33 

Given the role of PTEN in CS and the 
relatively large percentage of familial cases of 
breast cancer that are not caused by germline 
mutation of BRCA1, BRCA2, or p53, we sought 
to determine whether PTEN may be mutated in 
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Table 1    Phenotypic classification of CS-like families 

Pkenotype of families No of families 

Breast and thyroid carcinoma occurring together in at least one person 22 
Breast and thyroid carcinoma occurring in different subjects 32 
Breast carcinoma and thyroid disease (eg goitre) 3 
Breast carcinoma/CS-like (eg trichilemmoma), no thyroid involvement 6 
Thyroid carcinoma/CS-like, no breast involvement 1 
Total 64 

12        3        4 10       11      12      13 

Figure 1    DGGE detection of c. 209T—>C in the germline of a patient from a CS-like 
family. Control mutations from CS and BRR families are also included to display the 
sensitivity of this technique for the detection ofPTEN mutations. Lane 1, mild type control 
(exon 3);lane 2, Y68H (exon 3);lane 3, IVS2-2A^>G (exon 3);lane 4, c.209T^>C 
(exon 3); lane 5, wild type control (amplicon 51, representing the 5' half of exon 5); lane 6, 
Q87X (amplicon 51); lane 7, c.347-351delACAAT (amplicon 51); lane 8, wild type 
control (amplicon 511, representing the 3' half of exon 5); lane 9, C124R (amplicon 511); 
lane 10, El57X (amplicon 511); lane 11, wild type control (exon 7); lane 12,R233X 
(exon 7); lane 13, c.791ATins (exon 7). 

the germline of families that did not meet the 
strict diagnostic criteria for CS determined by 
the International Cowden Consortium.219 The 
phenotypes of these families were, minimally, 
breast and non-medullary thyroid cancers, and, 
maximally, a sum of phenotypes falling just short 
of the Consortium Criteria for CS. 

Material and methods 
PATIENTS 

Members of 64 unrelated CS-like families were 
collected for analysis (table 1). These CS-like 
families were defined as families or people that 
have some, but not all, of the features of CS and 
do not meet the operational diagnostic criteria 
of the International Cowden Consortium. 
Minimally, these CS-like families contained at 
least one member with both non-medullary 
thyroid cancer and at least one other related 
member with breast cancer diagnosed at any 
age. They also could comprise subjects with 
both breast cancer and non-medullary thyroid 
cancer. Alternatively, families could be made 
up of either breast or non-medullary thyroid 
cancer and other features of CS, such as trichi- 
lemmomas, without meeting the consortium 
criteria for CS. 

The diagnostic criteria for classical CS used in 
this study has been previously described by the 
Consortium.2 " In brief, the diagnosis of CS 
requires that a patient or family meet a 
combination of pathognomonic major and 
minor criteria. Major criteria include breast 
cancer, non-medullary thyroid cancer (espe- 
cially follicular thyroid carcinoma), macro- 
cephaly (5 97th centile), and Lhermitte-Duclos 
disease (LDD), which is a dysplastic gangliocy- 
toma of the cerebellum that can cause seizures, 
tremors, and poor coordination. Hamartomas of 
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the skin, including trichilemmomas (benign 
tumours of the hair follicle infundibulum) and 
mucocutaneous papillomatous papules (for ex- 
ample, scrotal tongue), are diagnostic if there are 
six or more papules, with three or more being 
trichilemmomas. Minor criteria include benign 
thyroid lesions such as multinodular goitre and 
adenomas, fibrocystic breast disease, mental 
retardation (IQ=£75), gastrointestinal hamarto- 
mas, lipomas, fibromas, and genitourinary 
tumours or malformations. Individual people or 
families would be diagnosed with CS if they have 
two major criteria, where one is either LDD or 
macrocephaly, one major with three minor 
criteria, or four minor criteria. No patients in 
this study fulfilled these criteria. Constitutional 
DNA was extracted from blood leucocytes using 
standard, previously described methods.34 Ap- 
proval for the use of human subjects in this study 
was obtained under IRB approved protocol 
94-138 (Dana-Farber Cancer Institute). 

DENATURING GRADIENT GEL ELECTROPHORESIS 

(DGGE) AND TEMPORAL TEMPERATURE GEL 

ELECTROPHORESIS (TTGE) 

A combination of DGGE and TTGE was per- 
formed for all nine exons of PTEN. GC 
clamped primer sequences, PCR conditions, 
and DGGE conditions have been previously 
described,35 with the exception of primers for 
exons 2 and 4. Exon 2 and 4 primer sequences, 
with GC clamps added, were as follows: exon 
2, 2F, 5'-CGT CCC GCG TTT GAT TGC 
TGC ATA TTT CAG-3' and 2R, 5'-CGC 
CCG CCG CGC CCC GCG CCC GTC 
CCG CCG CCC CCG CCC GTC TAA ATG 
AAA ACA CAA CAT G-3'; exon 4, 4F, 
5'-CGC CCG CCG CGC CCC GCG CCC 
GTC CCG CCG CCC CCG CCC GAA ATA 
ATA AAC ATT ATA AAG ATT CAG GCA 
ATG-3' and 4R, 5'-GAC AGT AAG ATA 
CAG TCT ATC-3'. Split exon 5 primers with 
GC clamps and conditions for mutation detec- 
tion have been previously reported.26 

TTGE is a mutation detection technique 
using the basic PCR fragment denaturation 
principles of DGGE. The major difference 
between these methods is that a temperature 
gradient, rather than a chemical gradient of 
varying urea and glycerol percentages, is used 
for strand separation of the GC clamped homo- 
and heteroduplexed PCR products by generat- 
ing a linear temperature gradient over the length 
of the electrophoresis run (Bio-Rad Laborato- 
ries, Hercules, CA). One or 0.75 mm thick gels 
of 10% polyacrylamide:bis (37.5:1) (Bio-Rad 
Laboratories) and 7 mol/1 urea (Bio-Rad Labo- 
ratories) were run using the DCode™ Universal 
Mutation Detection System (Bio-Rad Labora- 
tories). Electrophoresis was performed at 130 V 
for six hours with a temperature gradient of 
46-58°C and a ramp rate of 2°C per hour. 
TTGE fragments were visualised under ultra- 
violet transillumination after the gel was stained 
with ethidium bromide (Bio-Rad Laboratories). 

Both DGGE and TTGE have proven high 
accuracy in detecting mutations in general and 
specifically in detecting known PTEN muta- 
tions from CS patients (fig 1). 
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SEQUENCE ANALYSIS 

Exons which showed DGGE and TTGE vari- 
ants underwent direct sequence analysis. The 
PCR primers and reaction conditions have 
been described elsewhere.714 2S 35 PCR prod- 
ucts were gel isolated and purified using the 
Wizard PCR Preps DNA Purification System 
(Promega, Madison, WI). Direct sequencing of 
these products was performed using the ABI 
Prism dye terminator cycle sequencing ready 
reaction kit (Perkin-Elmer Corp. Norwalk, 
CT). Cycle sequencing products were electro- 
phoresed on 6% Long ranger gels (FMC 
Bioproducts, Rockland, ME) and analysed on 
an Applied Biosystems model 373A automated 
DNA sequencer (Perkin-Elmer Corp). 

PTEN POLYMORPHISM ANALYSIS 

A previously identified intronic polymorphic 
site in PTEN, IVS8+32G/T, was analysed in a 
single affected member from each CS-like 
family to investigate hemizygosity at the PTEN 
locus in mutation negative families. This site is 
moderately heterozygous, with an earlier report 
finding 50% of samples to be informative.28 

Potential hemizygosity was assessed by the 
amplification of exon 8 and flanking intronic 
sequence and digestion with the restriction 
endonuclease Hincll under conditions sug- 
gested by the manufacturer (New England 
Biolabs, Beverly, MA). 

Results 
PTEN MUTATION ANALYSIS 

A missense point mutation, C.209T—>C 
(L70P), predicted to affect splicing was identi- 
fied in a single affected patient (1 of 64, 2%) 
(fig 1). This mutation was not identified in 100 
normal alleles. When this occult germline 
PTEN mutation was identified, the family his- 
tory was reassessed (fig 2). The subject 
analysed for this study, III. 1, developed follicu- 
lar thyroid carcinoma at the age of 31. His 

Leukaemia 
age 57 y 

1-2 

-o 

Breast adenocarcinoma 
age 49 y and 53 y, 
endometrial carcinoma 
age 63 y 

Follicular 
thyroid carcinoma 
age 31 y 

Figure 2   Pedigree of CS-like family with the occult 
germline PTEN mutation. c.209T—¥C was identified in 
DNA extracted from blood leucocytes from patient III. 1 
who presented with follicular thyroid carcinoma. 

mother, II.2, had breast adenocarcinoma diag- 
nosed at the age of 49 and again at 53. She also 
had endometrial carcinoma diagnosed at 63 
years. Careful clinical assessment of these two 
subjects was unable to identify macrocephaly, 
skin lesions typical of CS, or scrotal tongue. 
The maternal grandfather, 1.1, was diagnosed 
with leukaemia at the age of 57. Unfortunately, 
family members other than III. 1 were unavail- 
able for analysis. Fresh tumour from ULI, 
which would have allowed us to study the 
putative aberrant splicing effect of this muta- 
tion, was also unavailable. No mutations were 
identified in the other 63 unrelated CS-like 
families. 

PTEN POLYMORPHISM ANALYSIS 

Forty-eight percent (30 of 63) of unrelated 
subjects from PTEN mutation negative CS- 
like families were found to be heterozygous at 
the rVS8+32T/G site. This analysis would sug- 
gest that, at least in these families, gross germ- 
line deletion of PTEN can be excluded. 

Discussion 
An occult germline PTEN mutation, 
C.209T—>C at the last nucleotide of exon 3 was 
found in one of 64 (2%) CS-like families. This 
family's cancers, comprising leukaemia, which 
may or may not be related, adenocarcinoma of 
the breast, endometrial carcinoma, and follicu- 
lar thyroid carcinoma, together do not meet the 
International Cowden Consortium Criteria 
used for the diagnosis of CS in this study. 
However, we cannot exclude the possibility 
that this family represents a case of low 
penetrance CS. The family with PTEN muta- 
tion in this study contrasts with that in a recent 
study that reported a PTEN mutation in a 
family initially classified as having breast and 
thyroid tumours only but reclassified as CS 
after mutation analysis led to closer clinical 
assessment.36 Closer clinical assessment of the 
family presented in the current study did not 
identify additional features of CS. 

In the remaining families where no occult 
germline mutations were identified, it is highly 
unlikely that these mutations would have gone 
undetected. Both DGGE and TTGE are 
highly sensitive mutation detection tech- 
niques37 and both have been shown consistently 
to detect known PTEN mutations and other 
sequence polymorphisms (Marsh and Eng, 
unpublished data, 1998; fig 1). Further, 
because at least one affected member from 
nearly half of these mutation negative families 
was heterozygous at the IVS8+32T/G poly- 
morphism, whole gene deletion is unlikely, at 
least in these families. 

In CS, while missense and truncating muta- 
tions are scattered largely along the entirety of 
PTEN, a mutational "hot spot" exists in exon 
5, which contains the PTPase core motif at 
codons 122-132.71M8 Thus, many mutations in 
CS are predicted to disrupt the phosphatase 
function of this protein. Interestingly, the 
mutation identified in exon 3 falls in the 
N-terminal half of the PTEN protein that has 
been shown to have some sequence similarities 
to the cytoskeletal proteins tensin and auxilin. 



884 Marsh, Dahia, Carort, et al 

Specifically, the leucine residue at codon 70 
that is altered by this T to C point mutation 
(L70P) is conserved in both bovine auxilin and 
chicken tensin.14 Thus, it is possible that this 
mutation may be affecting the phosphatase 
function of this protein, as one may predict if 
this putative splice site mutation leads to a 
truncated protein, and may also function to 
disrupt normal cellular motility and cell-cell 
interactions. 

Whether germline PTEN mutations are 
associated with CS and related inherited 
hamartoma syndromes (Bannayan-Ruvalcaba- 
Riley syndrome, (BRR, MIM 153480) and 
juvenile polyposis syndrome (JPS, MIM 
174900)), as well as syndromes comprising 
partial CS phenotypes, is largely unknown. 
Before the identification of PTEN as the CS 
gene, it was not inconceivable that the three 
related hamartoma syndromes and CS-like 
syndromes were all associated with different 
mutations in a single gene. We have shown that 
germline PTEN mutations are associated with 
the great majority, approximately 80%, of clas- 
sical CS families.718 Nelen et al" identified 
PTEN mutations in 47% of CS cases studied. 
One other study of 23 CS families identified 
only 13% of families with germline PTEN 
mutation.16 This was perhaps not surprising as 
limited linkage information in these families 
suggested the possibility of genetic heterogen- 
eity in CS, even though initial studies of a 
group of 12 CS families showed no evidence 
for heterogeneity.19 

We have also shown that germline PTEN 
mutations account for at least a proportion of 
BRR, which is characterised by macrocephaly, 
lipomatosis, thyroid dysfunction, hamartoma- 
tous polyps of the gastrointestinal tract, and 
pigmented macules of the glans penis, but 
without a known predisposition to breast and 
thyroid cancer.18 38 How mutations in a single 
gene, at times identical,18 38 can function to 
predispose to two overlapping but apparently 
distinct syndromes, one with malignancy and 
one without, remains to be elucidated. 

Disparate reports concerning the third 
hamartoma syndrome, JPS, and PTEN muta- 
tion or deletion have recently been pub- 
lished.35 363M1 A putative JPS locus, JP1, at 
10q22-24 was initially thought to encompass 
PTEN, although fine structure mapping placed 
this locus slightly centromeric of PTEN.42 

Subsequently, the 10q22-24 region was ex- 
cluded as a putative JPS locus by linkage 
analysis in eight JPS families.35 Screening of 
PTEN in 21 classical JPS families and 16 cases 
of sporadic JPS did not identify any germline 
mutations.35 39 In contrast, PTEN mutation has 
been reported in four patients with "juvenile 
polyposis",36 41 although the clinical diagnosis 
of classic juvenile polyposis in these cases is 
questionable. Given these genetic data and the 
phenotypic overlap of these syndromes, we can 
say with some confidence that if a germline 
PTEN mutation were detected in a person 
previously thought to have "juvenile polypo- 
sis", then the diagnosis needs to be revised, as 
that person is likely to have either CS or BRR. 

Along the same lines, we have now investi- 
gated a cohort of families, each of which 
contains some of the component tumours of 
CS but do not meet the Consortium diagnostic 
criteria for CS. Only one such family was found 
to have an occult germline PTEN mutation, 
arguing that such germline alterations play a 
minor role in families that do not meet the 
strict CS diagnostic criteria. Nonetheless, this 
finding is significant for three reasons. Firstly, it 
suggests that the operational diagnostic criteria 
for CS established by the International Cow- 
den Consortium are, for the most part, robust 
and are useful for identifying PTEN mutation 
positive CS families. Secondly, we must also 
conclude from our data that other genes are 
involved which lend susceptibility to a CS-like 
disease and to site specific breast and non- 
medullary thyroid cancer. Thirdly, for non-CS 
subjects identified with occult PTEN muta- 
tions, albeit uncommonly, there are important 
implications for future hamartoma/cancer de- 
velopment that should impact on surveillance. 

Unanswered questions remain, however. For 
example, are CS-like families without germline 
PTEN mutations at any less risk of cancer than 
those with mutations? Preliminary genotype- 
phenotype analyses suggest that classical CS 
families without germline PTEN mutations are 
at lower risk of developing malignant breast 
disease compared to their PTEN mutation 
positive counterparts.18 By extrapolation, it 
would seem that PTEN mutation negative 
CS-like families should be at decreased risk of 
developing breast cancer. Unfortunately, this 
study was unable to confirm this clinically rel- 
evant extrapolation. We can conclude, how- 
ever, that in the majority of cases, germline 
PTEN mutations lead specifically to a CS or 
BRR phenotype and that the phenotype of 
CS-like families is, for the most part, caused by 
unknown mechanisms. 
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Molecular Diagnostics Committee of the Clinical Cancer Genetics Program, 
Dana-Farber Partners Cancer Care, Boston, MA 
High Risk Committee, Gastrointestinal Cancer Center, Dana-Farber 
Partners Cancer Care, Boston, MA 
Steering Committee, Endocrine Cancer Clinic, Dana-Farber Partners Cancer 
Center, Boston, MA 
Steering Committee, Gastrointestinal Cancer Center, Dana-Farber Partners 
Cancer Center, Boston, MA 
Human Cancer Genetics Working Group, Dana-Farber Partners Cancer 
Center, Boston, MA 
Clinical Trials Office Steering Committee, James Cancer Hospital and 
Solove Research Institute and Comprehensive Cancer Center, Ohio State 
University, Columbus, OH 
Clinical Scientific Research Committee, James Cancer Hospital and Solove 
Research Institute, Comprehensive Cancer Center, Ohio State University, 
Columbus, OH 

Reviewer, Department of Veterans Affairs Merit Review Applications 
Reviewer and Expert Consultant, American Society of Clinical Oncology 
Task Force on Cancer Genetics Education 
Reviewer, Molecular Biology 3 Study Section, Department of Defence US 
Army Research Medical and Material Command Breast Cancer Research 
Program 
Reviewer, Susan G. Komen Breast Cancer Research Foundation Grants 
Site Visit Team Member, Quadriannual Site Visit, National Insitute of Child 
Health and Development, Developmental Endocrinology Branch 
Reviewer, Cancer Genetics Section, American Society of Human Genetics 
Annual Meeting Abstracts 
National Comprehensive Cancer Network (NCCN) Guidelines Panel 
Member: Genetics/Familial High Risk Screening Guidelines 

Coordinator and co-chair, International RET Mutation Consortium 
Coordinator and chair, International Cowden Syndrome Consortium 
International Review Board, Dutch Cancer Society 
Ad Hoc Review Committee, Programme Project Grant, National Cancer 
Institute of Canada 



1997- Peer Review Panel, Project Grants, Comitato Promotore Telethon, Italy 
1997- Reviewer, Project Grants and Clinical Research Fellowships, Cancer 

Research Campaign, London, UK 
1997- Reviewer and Full Member, National Cancer Institute of Canada, Panel J: 

Pathology, Tumor Markers, Molecular Epidemiology and Clinical 
Correlative Studies, Toronto, ON 

1998- Ad Hoc External Reviewer, Italian Association for Cancer Research 
1998- Member, Steering Committee, Breast Cancer Information Core (BIC) 
1999- Member, International Scientific Committee, 8th International Workshop on 

Multiple Endocrine Neoplasia, Jerusalem, Israel, May 2001 

Professional Societies and Colleges: 

1982- Phi Beta Kappa, Member 
1982-87 Sigma Xi, Associate Member 
1982-88 American Medical Students' Association, Member 
1982-88 American Medical Association, Member 
1982-89 American Medical Women's Association, Member 
1984-88 American Association for the Advancement of Science, Member 
1984-89 New York Academy of Sciences, Member 
1987- Sigma Xi, Member 
1988- Alpha Omega Alpha, Member 
1989-92 American College of Physicians, Associate 
1990-98 Massachusetts Medical Society, Member 
1992-99 American College of Physicians, Member 
1995- New York Academy of Sciences, Member 
1996- American Society of Clinical Oncology, Member 
1996- American Society of Human Genetics, Member 
1998- American Association for Cancer Research, Member 
1999- American College of Physicians, Fellow 

Editorial Boards: 

Editorial Boards: 

1998- Journal of Medical Genetics, North American Editor 
1998- Journal of Medical Genetics, Associate Editor for Cancer Genetics 
1998- Journal of Endocrine Genetics, Editorial Board Member 

Ad hoc Reviewer for: 

199 8 - American Journal of Human Genetics 
1997- American Journal of Pathology 
1997 American Journal of Surgical Pathology 
1999- BioTechniques 
1997- Blood 
1998- British Journal of Cancer 
1998- Cancer 
1996 Cancer Epidemiology, Biomarkers and Prevention 
1997- Cancer Research 



1997- Carcinogenesis 
1998- Clinical Cancer Research 
1995- Clinical Endocrinology 
1995- Clinical Genetics 
1996- European Journal of Endocrinology 
1997- European Journal of Human Genetics 
1997- Experimental Cell Research 
1996- Gastroenterology 
1995- Genes, Chromosomes and Cancer 
1998- Genomics 
1997- Human Genetics 
1994- Human Molecular Genetics 
1994- Human Mutation 
1998- International Journal of Cancer 
1996- Journal of the American Medical Association 
1995- Journal of Clinical Endocrinology and Metabolism 
1999- Journal of Experimental Medicine 
1999- Journal of Clinical Investigation 
1995- Journal of Clinical Oncology 
1994-98 Journal of Medical Genetics 
1998- Journal of the National Cancer Institute 
1996 Mutation Research 
1995 - Nature Genetics 
1996- New England Journal of Medicine 
1995- Oncogene 
1997- Proceedings of the National Academy of Sciences, USA 

Awards and Honors: 

1978-82 Dean's List, College, University of Chicago, IL 
1981 Edmondson Summer Research Fellowship, University of Chicago, IL 
1981-82 Yim Chan Merit Scholarship, University of Chicago, IL 
1982 Graduation with Divisional and Collegiate Honors, University of Chicago, 

JL 
1982 Phi Beta Kappa 
1982 Sigma Xi, Associate Membership 
1982 Sigma Xi Science Prize Competition, Honorable Mention, University of 

Chicago, JL 
1982 Sigma Xi Certificate of Merit for Excellence in Undergraduate Scientific 

Research, University of Chicago, IL 
1982-83 Dean's Letter of Commendation for Excellence in Gross Anatomy and 

Microbiology, Pritzker School of Medicine, University of Chicago, IL 
1982-84 Far East Scholarship, Pritzker School of Medicine, University of Chicago, 

IL 
1983 National Institutes of Health Summer Research Fellowship, Pritzker School 

of Medicine, University of Chicago, IL 
1984-86 American Heart Association - Borg-Warner Medical Student Research 

Fellowship, University of Chicago, IL 
1987 Sigma Xi, promotion to Full Membership 
1988 Alpha Omega Alpha 
1990 Nomination for Chief Residency, Department of Medicine, Beth Israel 

Hospital, Boston, for 1992-93 (Position Declined) 



1990 Nomination for the National Institutes of Health-Upjohn Medical Residents 
Research Award 

1991 Upjohn Travel Award to the Meeting of the American Association for 
Cancer Research, Houston, TX 

1992 Johanna Wood Fellowship, Dana-Farber Cancer Institute, Boston, MA 
1992-95 Cancer Research Campaign - Dana-Farber Cancer 

Institute Fellowship in Human Cancer Genetics, University of Cambridge, 
U.K. 

1995-97 Lucille P. Markey Charitable Trust Young Scientist Award 
1995-98 The First Lawrence and Susan Marx Investigatorship in Human Cancer 

Genetics, Dana-Farber Cancer Institute, Boston, MA 
1996 Patterson Fellowship, Dana-Farber Cancer Institute, Boston, MA 
1997-99 Barr Investigatorship, Dana-Farber Cancer Institute, Boston, MA 
1999 International Scientific Committee, 8* International Workshop on Multiple 

Endocrine Neoplasia, Jerusalem, Israel, May, 2001 



Laboratory and Clinical Investigator Track 

A. Report of Research 

1. Major research interests: 

1. Cancer Genetics 
2. Molecular Epidemiology of Cancer 
3. Second Malignancies in Retinoblastoma Patients 
4. Genetics of Multiple Endocrine Neoplasia Type 2 and Related Cancers 
5. Familial Gastrointestinal Cancers 
6. Cowden Syndrome and Related Cancers 
7. Inherited Hamartoma-Neoplasia Syndromes 

2. Narrative description of research 
The broad thrust of my laboratory involves the utilisation of DNA-based methods to 

identify and characterise genes which cause susceptibility to inherited cancer syndromes, to 
determine their role in sporadic carcinogenesis and to perform molecular epidemiologic analyses as 
they might relate to future clinical applications. Upon this framework, we are examining the 
genetics of two inherited thyroid cancer syndromes, Cowden syndrome (nonmedullary thyroid 
cancer) and MEN 2 (medullary thyroid cancer), and related sporadic cancers. Hence, the genetics 
of susceptibility gene PTEN, encoding a dual specificity phosphatasw on 10q23.3, is being 
examined in Cowden syndrome and other inherited hamartoma syndromes as well as populations 
of isolated breast and thyroid cancer cases. Somatic genetics of PTEN is being pursued in a range 
of sporadic cancers including sporadic counterpart Cowden component tumors, breast, thyroid and 
endometrial carcinomas. Gene-gene interactions and gene-environment interactions are beginning 
to be explored. Biochemical, cellular and functional studies are beginning to be performed in our 
laboratory as well as in collaboration with a number of laboratories locally, nationally and 
internationally. The genetics of the 7?£Tproto-oncogene are pursued for clinical translational 
purposes for MEN 2 and sporadic neuroendocrine tumors. Towards those ends, genotype- 
phenotype analyses and genotype-prognosis analyses are being performed. Examination of 
common low penetrance variants in sporadic medullary thyroid carcinoma is also being pursued in 
the hope of identifying common alleles for predisposition in sporadic neuroendocrine tumors. 

Recent efforts in my laboratory have focused on the role of the nuclear receptor 
transcription factor PPARy in sporadic carcinogenesis. Troglitazone (Rezulin™), which is a 

specific synthetic ligand for PPARy, is an oral hypoglemic agent used by over 1.6 million 
Americans. So, our work may have broad implications not only for examining the pathogenesis of 
common cancers but may impact public health as well. This avenue of investigation also promises 
direct translation into clinical oncologic practice. 

3. Research funding information: 

1981 Edmondson Summer Research Fellowship, University of Chicago PI 
(Advisor: Edward D. Garber) 

1978-82 Yim Chan Merit Scholarship, University of Chicago, IL 

1984-86 American Heart Association Borg-Warner Medical Student Research PI 
Fellowship, University of Chicago Pritzker School of Medicine, EL 

1992-95 Cancer Research Campaign [CRC] Dana-Farber Fellowship PI 
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Integrated fellowship in clinical cancer genetics and molecular cancer 
genetics at the University of Cambridge, UK 
(Advisor: Bruce A. J. Ponder) 

1995-97 New Investigator Award, Charles A. Dana Foundation 

1995-97 New Investigator Award, Markey Charitable Trust 

1995-98 Lawrence and Susan Marx Investigatorship in Human Cancer Genetics       PI 

1996 Patterson Fellowship                                                                                PI 

1996-98 Harvard Nathan Shock Center Award for the Basic Biology of Aging, NIA 
State of the art resource core for two dimensional gene scanning 

1996-99 Barr Investigatorship                                                                                PI 
Human cancer genetics research 

1997-98 Women's Cancer Program Grant, Dana-Farber Partners Cancer Center        PI 
Development of a rapid multi-gene test for hereditary breast cancer 

1997-99 American Cancer Society (National) Research Project Grant                        PI 
Isolation and characterisation of Cowden syndrome gene 

1997-1999 DFG Training Fellowship (Germany)                                                        Mentor 
Trainee PI: Oliver Gimm, MD 
Novel mutations and low penetrance alleles in the 7?£rproto-oncogene in multiple 
endocrine neoplasia type 2 and sporadic medullary thyroid carcinoma 

1997-2000 Susan G. Komen Breast Cancer Foundation Postdoctoral Fellowship          PI 
Trainee: Patricia L M Dahia, MD, PhD 
Role of Cowden susceptibility gene in breast cancer 

1998 Breast Cancer Research Award, Massachusetts Department of Public Health PI 
PTEN, the Cowden disease gene, in patients and families with breast cancer and 
thyroid disease 

1998-99 ASCO Young Investigator Award                                                                Mentor 
Prognostic markers for progression of esophageal adenocarcinoma 
Trainee PI: Matthew H. Kulke, MD 

1998-1999 Concert for the Cure Breast Cancer Research Award                                  PI 
Genetics of PTEN in Cowden syndrome and unselected breast cancer patients 

1999 Ohio State University Seed Grant                                                              PI 
Mapping the susceptibility gene for hereditary and sporadic Barrett esophagus and 
esophageal adenocarcinoma 

1998-2001 Department of Defence US Army Breast Cancer Research Program              PI 
Genetics of PTEN in different forms of hereditary breast cancer 

1998-2001 American Cancer Society (National) Research Project Grant                        PI 
Genetics of PTEN in Cowden syndrome and sporadic breast cancer 
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1999-2002      National Institutes of Health Workstatement (RFP) 
A phase 2 study of a selective estrogen receptor modulator (LY353381) vs. 
Tamoxifen vs. placebo in premenopausal women with an increased risk for breast 
cancer 

1999-2001      Mary Kay Ash Charitable Foundation Grant PI 
Genetic and functional analysis of PPAR-gamma as a novel tumor suppressor locus 
in sporadic breast carcinoma 
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B. Report of Teaching 

Local Contributions 

Medical School / School of Public Health 

1985 Medical Genetics, Teaching Assistant for 100-110 second year medical 
students, University of Chicago Pritzker School of Medicine (Contact 5 
hr/wk, Prep 5 hr/wk) 

1996-98 Molecular Epidemiology, Guest Lecturer for 30-50 medical, dental and 
graduate students, medical fellows and instructors, Harvard School of 
Public Health (Contact 1-2 hr, Prep 2 hr) 

1997 HMS211A Graduate Course in Biochemistry and Cell Biology, invited 
lecture on inherited cancer syndromes for 20 graduate, dental and medical 
students, Harvard Medical School, Boston: (Contact 1.5 hr, Prep 2 hr) 

1998 Harvard Medical School Course in Genetics, Embryology and 
Reproduction, Tutor for group of 7-10 medical students (Contact 40 hr, 
Prep 20 hr) 

Graduate Medical Course/Seminar/Invited Teaching Presentation 
1991 Grand Rounds, Beth Israel Hospital, Boston: Causes of late mortality in 

retinoblastoma patients, invited speaker (Contact 20 min, Prep 3 hr) 
1994 Department of Medicine Seminar Series, University of Cambridge School 

of Clinical Medicine: The many faces of RET, invited lecture for 50 
housestaff and faculty of the Clinical School (Contact 1 hr, Prep 2 hr) 

1996 Seminars in Medicine of the Beth Israel Hospital: From bench to bedside: 
the /?£Tproto-oncogene in multiple endocrine neoplasia, invited lecture for 
30-60 faculty and trainees from the Boston area (Contact 1.5 hr, Prep 3 hr) 

1996 Harvard Medical School Department of Genetics Seminar: The poly genie 
etiology of Hirschsprung disease, invited speaker for 20-25 clinical genetics 
fellows, postdoctoral fellows and genetics faculty (Contact 1 hr, Prep 2 hr) 

1997 Brigham and Women's Hospital Specialty Lecture for Medical Housestaff: 
Genetics of endocrine tumors, invited speaker for 50-60 medical housestaff 
(Contact 1 hr, Prep 1 hr) 

1997 Massachusetts Cancer Center Seminar, Charlestown, MA: RET, GDNF and 
GDNFR-a in MEN 2, invited speaker for 30-50 Pis, postdoctoral fellows 
and graduate students (Contact 1.5 hr, Prep 2 hr) 

1997 GI Grand Rounds, Massachusetts General Hospital: Molecular genetics of 
Hirschsprung disease for 15-25 GI fellows and faculty (Contact 1 hr, Prep 
2hr) 

1997 Women's Cancer Program, Dana-Farber Partners Cancer Center, Boston: 
Identification of the Cowden syndrome susceptibility gene, invited speaker 
for 20-30 multidisciplinary faculty, clinical fellows, housestaff, 
postdoctoral fellows, graduate students (Contact 1 hr, Prep 1 hr) 

1997 Breast Center Basic Biology Seminar, Dana-Farber Partners Cancer Center, 
Boston: Identification of the Cowden syndrome gene, a multipurpose gene 
which predisposes to breast and thyroid cancers, invited speaker for 40-60 
multidisciplinary faculty, fellows and housestaff (Contact 1 hr, Prep 1 hr) 

1997 Harvard-Longwood Seminars in the Genetics of Cancer and Aging, Boston: 
PTEN in inherited hamartoma-cancer syndromes: one gene-many 
syndromes? Invited speaker for 50-70 clinical and basic science faculty, 
postdoctoral fellows, clinical fellows, and graduate students from the 
Harvard Longwood area (Contact 1 hr, Prep 1 hr) 
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1997 Massachusetts General Hospital Cancer Center Grand Rounds, Boston: 
PTEN in Cowden syndrome and sporadic breast and thyroid cancers 
(Contact 1 hr, Prep 1 hr) 

1999 Ohio State University Human Cancer Genetics Program Seminar, 
Columbus, OH: PTEN and the great imitator: Cowden syndrome (Contact 1 
hr, Prep 1 hr) 

Continuing Medical Education Course 
1997 Cancer Genetics for Office Practice: Genetics of thyroid cancer in everyday 

practice, faculty (Contact 3 hr, Prep 1 hr) 
1997 American College of Surgeons, Massachusetts Chapter, Waltham: Genetics 

of colorectal tumors, faculty (Contact 2 hr, prep 1 hr) 
1998 Massachusetts Eye and Ear Infirmary and Harvard Medical School Course 

on Thyroid and Parathyroid Tumors: RET and medullary thyroid 
carcinoma, faculty (Contact 30 min, prep 20 min) 

Advisory and Supervisory Responsibilities 
1988-89 Teaching and supervision of Harvard medical students during clinical 

clerkship, Beth Israel Hospital, 1 medical student per rotation (200 hr/yr) 
1989-91 Teaching and supervision of Harvard medical students during clinical 

clerkship and medical interns, Beth Israel Hospital, 2-4 interns +/-1 
medical student per rotation (2000 hr/yr) 

1991 -92 Teaching and supervision of medical students, and medical housestaff from 
Brigham and Women's Hospital and Beth Israel Hospital, 3-8 housestaff 
+/- 1 medical student per month (500 hr/yr) 

1993-95 Teaching and supervision of technicians, students and junior postdoctoral 
fellows, CRC Human Cancer Genetics Research Group, Department of 
Pathology, University of Cambridge, 2 technicians, 0-3 medical/graduate 
students and 0-1 junior postdoctoral fellow (20 hr/wk) 

1995- Teaching and supervision of postdoctoral fellows, students and technicians 
working in my laboratory, 2-6 postdoctoral fellows, 0-1 medical students, 
1-3 technicians (15 hr/wk) 

1996-98 Teaching and supervision of medical oncology and genetics fellows and 
genetics counsellors, Cancer Risk and Prevention Clinic, Dana-Farber 
Cancer Institute (3-5 hr/wk) 

1996-98 Clinic Attending for medical oncology fellows, Dana-Farber Cancer 
Institute, 1-6 fellows per session (5-10 hr/mth) 

1999- Direction and administration of the Clinical Cancer Genetics Program, 
Comprehensive Cancer Center, Ohio State University: 1.5-2 MD attending 
clinical cancer geneticists, 0-1 oncology fellow, 0-1 medical resident, 3-4 
cancer genetics counselors, 0-1 research assistant, 1 data manager and 2 
executive support associates (20 hr/wk) 

Laboratory-Based Trainees 

Postdoctoral Trainees 

Debbie J. Marsh, PhD 1996-99 
Project: Genetics of Cowden syndrome and Bannayan-Riley-Ruvalcaba syndrome 
Current Position: Lecturer, Dept of Medicine, University of Sydney School of Medicine, Sydney, 

Australia 

Matthew H. Kulke, MD 1997-99 
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Project: Molecular epidemiology and prognostic markers in sporadic gastrointestinal cancers 
Current Position: Instructor in Medicine, Dana-Farber Cancer Institute, Harvard Medical School, 

Boston, MA 

Patricia L.M. Dahia, MD, PhD 1997- 
Project: Somatic genetics and biochemical expression of PTEN in sporadic tumors 
Current Position: Postdoctoral Senior Research Associate, Dana-Farber Cancer Institute and 

Harvard Medical School, Boston, MA; Instructor in Medicine, Harvard Medical 
School 

Oliver Gimm, MD 1997- 
Project: Genetics of neuroendocrine tumors 
Current Position: DFG Postdoctoral Researcher, Human Cancer Genetics Program, Ohio State 

University, Columbus, OH 

Aurel Perren, MD 1998 
Project: Immunocytochemistry of PTEN in sporadic tumors of the breast and thyroid 
Current Position: Resident in Pathology, University of Zürich School of Medicine, Zürich, 

Switzerland 

Jen Jen Yeh, MD 1998-99 
Project: Somatic genetics of non-medullary thyroid carcinomas and the role of the mitochondrial 

genome 
Current Position: Postdoctoral Research Fellow, Dana-Farber Cancer Institute and Harvard 

Medical School, Boston, MA 

Liang-Ping Weng, MD, MS 1998- 
Project: Biochemistry and cell biology of PTEN in breast and thyroid carcinogenesis 
Current Position: Research Scientist, Human Cancer Genetics Program, Ohio State University, 

Columbus, OH 

Xiao-Ping Zhou, MD, PhD 1998- 
Project: Genetics of central nervous system tumors 
Current Position: Postdoctoral Researcher, Human Cancer Genetics Program, Ohio State 

University, Columbus, OH 

Ravshan Burikhanov, PhD 1999- 
Project: Cell biology of RET, PTEN and PPARgamma in thyroid cancer models 
Current Position: Postdoctoral Researcher, Human Cancer Genetics Program, Ohio State 

University , Columbus, OH 

Keisuke Kurose, MD, PhD 1999- 
Project: Genetics of PTEN and PPARgamma in gynecologic cancers 
Current Position: Postdoctoral Researcher, Human Cancer Genetics Program, Ohio State 

University Columbus, OH 

Student Trainees 

Antje Gössling 1996 

Project: Genetics of GDNF and GFRoc-1 in central nervous system tumors 
Current Position: Resident in Clinical Genetics, Faculty of Medicine, University of Türbingen 

School of Medicine, Germany 
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Eva-Maria Dürr 1998 
Project: Genetics of CUL2 and VBP-1 in phaeochromocytomas 
Current Position: Senior Medical Student, University of Bonn School of Medicine, Germany 

Ying Huang 1999- 
Project: Mapping the susceptibility gene for familial nonmedullary thyroid cancer 
Role: PhD thesis committee member (Albert de la Chapelle, MD, PhD, Advisor and Chair) 

Junior Faculty Mentored 
Matthew H. Kulke, MD Instructor in Medicine, Dana-Farber Cancer Institute 
ASCO Young Investigator Award      1998-99 

Kornelia Polyak, MD, PhD    Assistant Professor of Medicine, Dana-Farber Cancer Institute 
ASCO Career Development Award     1999-2003 

Patricia L M Dahia, MD, PhD Instructor in Medicine, Dana-Farber Cancer Institute 1999- 

Liang-Ping Weng, MD, MS   Research Scientist, Ohio State University       1999- 

Leadership Role 
1995-99 Director, Harvard Longwood Seminars in the Genetics of Cancer and 

Aging, organisation and coordination of seminar topic and speakers, 
invitation of speakers, and public relations for the seminar (CME 1 course) 

1999- Director, Clinical Cancer Genetics Program, Comprehensive Cancer Center, 
Ohio State University 

Regional, National and International Contributions (Invited Presentations) 

1993 Lancet Grand Round: Familial Cancer Syndromes. 
Case Presentations and Multiple Endocrine Neoplasia Type 2A, Royal 
Marsden Hospital, Sutton 

1993 ICRF Department of Medical Oncology Seminar, St. Bartholomew's 
Hospital, London: The multiple endocrine neoplasia type 2 syndromes 

1994 Faculty, March of Dimes 25th Clinical Genetics Conference, Orlando, FL, 
USA Symposium in Genetics and Development: The molecular genetics of 
multiple endocrine neoplasia type 2 

1994 Arbeitsgemeinschaft für Gynäkologische Onkologie, Vienna, Austria: The 
familial and genetic risks of ovarian cancer 

1994 Postgraduate Training Course in Endocrinology: Multiple Endocrine 
Neoplasia Type 2. British Society for Endocrinology, St. Mary's Hospital, 
London, UK 

1994 Symposium on Genotype-Phenotype Correlations, British Medical Genetics 
Conference, York, UK: Mutations of the RET proto-oncogene in the 
multiple endocrine neoplasia type 2 syndromes and Hirschsprung disease 

1995 Case Presentation Conference, Department of Medical Genetics, BC 
Children's Hospital, University of British Columbia, Vancouver: The role 
of the RET proto-oncogene in the multiple endocrine neoplasia type 2 
syndromes and Hirschsprung disease 

1995 Meeting of the Clinical Molecular Genetics Society, Selwyn College, 
Cambridge: Mutational analysis of the RET proto-oncogene in MEN 2 
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1995 Department of Internal Medicine IV - Nephrology Special Seminar, Albert 
Ludwigs University of Freiburg, Germany: Phaeochromocytoma and 
multiple endocrine neoplasia type 2: molecular genetic analysis 

1995 EORTC Thyroid Group Meeting, London, UK: Germline mutations in the 
jf?£Tproto-oncogene in the multiple endocrine neoplasia type 2 syndromes 

1995 Wessex Regional Genetics Laboratory Seminar, Salisbury, UK: The many 
faces of RET. multiple endocrine neoplasia type 2 and Hirschsprung disease 

1996 Journees Internationales H P Klotz d'Endocrinologie Clinique, Paris, 
France: RET mutations in multiple endocrine neoplasia type 2 and sporadic 
medullary thyroid carcinoma 

1996 Special Seminar, Institut Curie, Paris, France: Mapping of the Cowden 
disease susceptibility gene: clue to BRCA3? 

1996 Medical Genetics Seminar, Institut Necker, Hopital des Enfants-Malades, 
Paris, France: Mutations in the /?£rproto-oncogene in MEN 2 and 
Hirschsprung disease 

1996 Department of Endocrinology Seminar, King's College Hospital School of 
Medicine, London, UK: 7?£Tproto-oncogene in MEN 2 and sporadic MTC 

1996 Department of Endocrinology Seminar, St. Bartholomew's Hospital, 
London, UK: Localisation of the gene for Cowden disease: another breast 
cancer susceptiblity gene? 

1996 Special Seminar, Department of Medical Genetics, Queen's University, 
Kingston, ON: Cowden syndrome 

1997 Universite Claude Bernard Lyon I, Lyon, France: External examiner, PhD 
thesis committee (PhD Candidate: Isabelle Schuffenecker) 

1997 Special Seminar, International Agency for Research on Cancer, Lyon, 
France: Molecular genetics of Cowden syndrome 

1997 Special Seminar, Cancer Institute of New Jersey, New Brunswick, NJ: 
PTEN in Cowden syndrome 

1997 31st Patterson Symposium: Li-Fraumeni syndrome, Manchester, UK: Two- 
dimensional gene scanning for rapid p53 mutation detection 

1997 IV International Thyroid and Neuroendocrine Cancer Workshop, Sicily, 
Italy: Genotype-phenotype correlations in MEN 2 and genotype-prognosis 
studies in sporadic medullary thyroid carcinoma 

1998 Special Seminar, Fox Chase Cancer Center, Philadelphia: PTEN, encoding 
a dual specificity phosphatase, in inherited hamartoma-tumor syndromes 

1998 Endocrine Grand Rounds, Mt. Sinai Medical Center, NY: The RET proto- 
oncogene in inherited and sporadic medullary thyroid carcinoma 

1998 Special Seminar, Human Cancer Genetics Program, Comprehensive Cancer 
Center, Ohio State University, Columbus, OH: The paradox of the RET 
proto-oncogene: multiple endocrine neoplasia and Hirschsprung disease 

1998 Special Seminar, Human Cancer Genetics Program, MD Anderson Cancer 
Center, Houston, TX: PTEN in inherited hamartoma-tumour syndromes 

1998 Invited Lecture, First International Lentigenosis Meeting, National Institutes 
of Health, Bethesda, MD: PTEN, Cowden syndrome and Bannayan- 
Ruvalcaba-Riley syndrome 

1998 Invited Symposium Lecture, Fourth European Congress of Endocrinology, 
Seville, Spain: RET and PTEN mutations in sporadic thyroid tumours 

1998 Invited Lecture, ASCO Continuing Medical Education Course "Cancer 
Genetics in Office Practice," Princeton, NJ: Genetics of colorectal cancer 

1998 Breast Cancer Research Centre, Vancouver, BC: PTEN and its role in 
breast tumourigenesis in Cowden syndrome 
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1998 Invited Lecture, 54th Recent Progress in Hormone Research, Skamania 
Lodge, Stevenson, WA: PTEN, encoding a phosphatase, in hereditary and 
sporadic nonmedullary thyroid tumors 

1998 Invited Lecture, Gordon Research Conference DNA Alterations in 
Transformed Cells: New insights into the molecular genetics of cancer, 
Colby-Sawyer College, NH: PTEN mutations in two inherited hamartoma- 
cancer syndromes and sporadic tumors 

1998 Invited Lecture, International Congress on Hereditary Cancer Diseases, 
Düsseldorf, Germany: Cowden syndrome: update on genetic mechanisms 
and clinical features 

1998 Grand Rounds, University of Michigan Cancer Center, Ann Arbor, MI: The 
yin and yang of inherited thyroid cancer 

1998 Invited Lecture, American Psychological Association Conference on 
Behavioral Science and Genetics, Tyson's Corner, VA: Genetic testing: 
from technology to treatment 

1998 Karolinska Institute, Stockholm, Sweden: Faculty Opponent for PhD 
Thesis Defence (PhD Candidate: Filip Farnebo) 

1999 Grand Rounds, NIDDK, NIH, Bethesda, MD: Genetic and epigenetic 
PTEN alterations in inherited and sporadic neoplasia 

1999 Invited Lectures, NIH-sponsored Phakomatosis Revisited Workshop 
Rockville, MD: Hamartoses; Cowden syndrome and PTEN 

1999 Invited Lecture, ASCO Train the Trainer Update: Bringing Cancer Genetics 
to Office Practice, New Orleans, LA: Molecular diagnosis of the inherited 
harmatoma tumor syndromes 

1999 Medicine Grand Rounds, Rush Medical School, Chicago, IL: Molecular 
genetics in office practice: 7?£T proto-oncogene mutations in multiple 
endocrine neoplasia type 2 

1999 Molecular Medicine Seminar, University of Toronto, Canada: Genetics of 
PTEN in inherited and sporadic cancers 

1999 Invited Symposium Lecture, American Gastroenterological Association, 
Orlando, FL: Feast or famine: RET proto-oncogene in intestinal 
ganglioneuromatosis and Hirschsprung disease 

1999 Invited Plenary Lecture, Seventh International Workshop on Multiple 
Endocrine Neoplasia, Gubbio, Italy: MEN 2 and the practice of molecular 
oncology 

1999 Invited Plenary Lecture, Seventh International Workshop on Multiple 
Endocrine Neoplasia, Gubbio, Italy: The role of PTEN in Cowden 
syndrome and multiple sporadic cancers 

C. Short Report of Clinical Activities 

Description of Clinical Practice: Clinical cancer genetics; medical oncology, especially inherited 
hamartoma tumor syndromes, and endocrine tumors in a teaching hospital setting. 

Patient Load: 20% effort in the practice of clinical cancer genetics. Patients/families seen in cancer 
genetics clinic are usually complex and labor intensive. 

Clinical Contributions: When we and other groups discovered that germline mutations in the RET 
proto-oncogene are associated with MEN 2, clinical diagnostic testing became available within 6 
months of our publication. Since then, our work as well as others' work have bourne out initial 
data, such that RET testing has now become the clinical standard of care in MEN 2 and all cases of 
medullary thyroid cancer. Mutation status is important in these entities because it alters clinical 
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management for the patient and his/her family. I have also worked with at least one CLIA-certified 
laboratory to ensure quality control and have worked with at least one third party insurer so that 
RET testing is covered 100%. 



18 

Bibliography 

Original Reports: 

1. Garber ED, Eng C, Puscheck EE, Weil MK, Ward S. Genetics of Ustilago violacea. XII. 
Half-tetrad analysis and double selection. Bot Gaz 1982; 143:524-9. 

2. Eng CEL, Strom CM. Analysis of three restriction fragment length polymorphisms in the 
human type H procollagen gene. Am J Hum Genet 1985; 37:719-732, 1986; 39:122. 

3. Eng CEL, Strom CM. New syndrome: familial proportionate short stature, intrauterine 
growth retardation, and recurrent locking of the fingers. Am J Med Genet 1987; 26:217- 
20. 

4. Garber ED, Eng C, Stevens DM. Genetics of Ustilago violacea. XXI. Centromere-linkage 
values and pericentric gene clustering. Curr Genet 1987; 12:555-60. 

5. Eng C, Aronson MD. Pneumococcal bacteremia in two immunocompetent adults with 
otitis media and bronchitis. Lancet 1990; 336:1266 /1991; 337:240-1 (response to 
critique). 

6. Eng C, Chopra S. Acute renal failure in nonfulminant hepatitis A. 
J Clin Gastroenterol 1990; 12:717-8. 

7. Banitt P, Eng C. Radiculopathy in an elderly woman. Hosp Pract 1991; 26:40. 

8. Eng C, Korzenik J. Angina pectoris associated with 5-fluorouracil. Hosp Phys 1991; 
27:54-7. 

9. Eng C. Thoracic adenopathy: metastatic seminoma or sarcoid? Hosp Pract 1992; 27:208- 
10. 

10. Eng C, Farraye FA, Shulman LN, Peppercorn MA, Krauss CM, Connors JM, Stone 
RM. The association between myelodysplastic syndromes and Crohn disease. Ann Intern 
Med 1992; 117:661-2. 

11. Eng C, Cunningham D, Quade B J, Schwamm L, Kantoff P, Skarin AT. Meningeal 
carcinomatosis from transitional cell carcinoma of the bladder. Cancer 1993; 72:553-7. 

12. Eng C, Li FP, Abramson DH, Ellsworth RM, Wong FL, Goldman MB, Seddon J, 
Tarbell N, Boice JD, Jr. Mortality from second tumors among long-term survivors of 
retinoblastoma. J Natl Cancer Inst 1993; 85:1121-8. 

13. Eng C, Spechler SJ, Ruben R, Li FP. Familial Barrett esophagus and adenocarcinoma of 
the gastroesophageal junction. Cancer Epidemiol Biomark Prevent 1993; 2:397-9. 

14. Mulligan LM, Kwok JBJ, Healey CS, Eisdon MJ, Eng C, Gardner E, Love DR, Mole 
SE, Moore JK, Papi L, Ponder MA, Telenius H, Tunnacliffe A, Ponder BAJ. Germ-line 
mutations of the RET proto-oncogene in multiple endocrine neoplasia type 2A. Nature 
1993; 363:458-60. 

15. Li FP, Eng C. The familial Muir-Torre syndrome. Ann Intern Med 1993; 119:539. 



19 

16. Mulligan LM, Eng C, Healey CS, Clayton D, Kwok JBJ, Gardner E, Ponder MA, 
Frilling A, Jackson CE, Lehnert H, Neumann HPH, Thibodeau SN, Ponder BAJ. Specific 
mutations of the RET proto-oncogene are related to disease phenotype in MEN 2A and 
FMTC. Nature Genet 1994; 6:70-4. 

17. Eng C, Smith DP, Mulligan LM, Nagai MA, Healey CS, Ponder MA, Gardner E, 
Scheumann GFW, Jackson CE, Tunnacliffe A, Ponder BAJ. Point mutation within the 
tyrosine kinase domain of the RET proto-oncogene in multiple endocrine neoplasia type 2B 
and related sporadic tumours. Hum Mol Genet 1994; 3:237-41. 

18. Eng C, Murday V, Seal S, Mohammed S, Hodgson SV, Chaudary MA, Fentiman I, 
Ponder BAJ, Eeles RA. Cowden syndrome and Lhermitte-Duclos disease in a family: a 
single genetic syndrome with pleiotropy? J Med Genet 1994; 31:458-61. 

19. Mulligan LM, Eng C, Healey CS, Ponder MA, Feldman GL, Li P, Jackson CE, Ponder 
BAJ. A de novo mutation of the RET proto-oncogene in a patient with MEN 2A. Hum Mol 
Genet 1994; 3:1007-8. 

20. Attie T, Pelet A, Sarda P, Eng C, Edery P, Mulligan LM, Ponder BAJ, Munnich A, 
Lyonnet S. A 7 bp deletion of the RET proto-oncogene in familial Hirschsprung's disease. 
Hum Mol Genet 1994; 3:1439-40. 

21. Gardner E, Mulligan LM, Eng C, Healey CS, Kwok JBJ, Ponder MA, Ponder BAJ. 
Haplotype analysis of MEN 2 mutations. Hum Mol Genet 1994; 3:1771-4. 

22. Edery P, Attie T, Mulligan LM, Pelet A, Eng C, Ponder BAJ, Munnich A, Lyonnet S. A 
novel polymorphism in the coding sequence of the human RET proto-oncogene. Hum 
Genet 1994; 94:579-80. 

23. Mulligan LM, Eng C, Attie T, Lyonnet S, Marsh D, Hyland VJ, Robinson BG, Frilling 
A, Verellen-Dumoulin C, Safar A, Venter DJ, Munnich A, Ponder BAJ. Diverse 
phenotypes associated with exon 10 mutations in the RET proto-oncogene. Hum Mol 
Genet 1994; 3:2163-7. 

24. Pelet A, Attie T, Goulet O, Eng C, Ponder BAJ, Munnich A, Lyonnet S. De novo 
mutations of the RET proto-oncogene in Hirschsprung's disease. Lancet 1994; 344:1769- 
70. 

25. Eng C, Mulligan LM, Smith DP, Healey CS, Frilling A, Raue F, Neumann HPH, 
Pfragner R, Behmel A, Lorenzo MJ, Stonehouse TJ, Ponder MA, Ponder BAJ. Mutation 
of the RET proto-oncogene in sporadic medullary thyroid carcinomas. Genes Chrom 
Cancer 1995; 12:209-12. 

26. Songyang Z, Carraway KLIJJ, Eck MJ, Harrison SC, Feldman RA, Mohammadi M, 
Schlessinger J, Hubbard SR, Smith DP, Eng C, Lorenzo MJ, Ponder BAJ, Mayer BJ, 
Cantley LC. Catalytic site specificity of protein-tyrosine kinases is critical for selective 
signalling. Nature 1995; 373:536-9. 

27.      Eng C, Smith DP, Mulligan LM, Healey CS, Zvelebil MJ, Stonehouse TJ, Ponder MA, 
Jackson CE, Waterfield MD, Ponder BAJ. A novel point mutation in the tyrosine kinase 
domain of the RET proto-oncogene in sporadic medullary thyroid carcinoma and in a 
family with FMTC. Oncogene 1995; 10:509-13. 



20 

28. Lorenzo MJ, Eng C, Mulligan LM, Stonehouse TJ, Healey CS, Ponder BAJ, Smith DP. 
Multiple mRNA isoforms of the human i?£Tproto-oncogene generated by alternate 
splicing. Oncogene 1995; 10:1377-83. 

29. Frilling A, Höppner W, Eng C, Mulligan L, Raue F, Broelsch CE. Presymptomatic 
genetic screening in families with multiple endocrine neoplasia type 2. J Mol Med 1995; 
73:229-33. 

30. Frilling A, Höppner W, Raue F, Eng C, Mulligan L, Ponder BAJ, Broelsch CE. 
Spezifische ÄETproto-onkogen mutationen bei verschiedenen hereditären formen des C- 
zell-karzinoms. Langenbeck Arch Chirurg Forum '95 1995; 303-6. 

31. Eng C, Mulligan LM, Smith DP, Healey CS, Frilling A, Raue F, Neumann HPH, Ponder 
MA, Ponder BAJ. Low frequency of germline mutations in the i?£Tproto-oncogene in 
patients with apparently sporadic medullary thyroid carcinoma. Clin Endocrinol 1995: 
43:123-7. 

32. Attie T, Pelet A, Edery P, Eng C, Mulligan LM, Amiel J, Boutrand L, Beldjord C, 
Nihoul-Fekete C, Munnich A, Ponder BAJ, Lyonnet S. Diversity of ftET proto-oncogene 
mutations in familial and sporadic Hirschsprung disease. Hum Mol Genet 1995; 4:1381-6. 

33. Crossey PA*, Eng C*, Ginalska-Malinoswska M, Lennard TWJ, Wheeler D, Ponder 
BAJ, Mäher ER. Molecular genetic diagnosis of von Hippel-Lindau disease in familial 
phaeochromocytoma. J Med Genet 1995; 32:885-6. 

34. Neumann HPH, Eng C, Mulligan LM, Glavac D, Zaiiner I, Ponder BAJ, Crossey PA, 
Mäher ER, Brauch H. Consequences of direct genetic testing for germline mutations in the 
clinical management of families with multiple endocrine neoplasia type 2. JAMA 1995; 
274:1149-51. 

35. Mulligan LM, Marsh DJ, Robinson BG, Schuffenecker I, Zedenius J, Lips CJM, Gagel 
RF, Takai S-I, Noll WW, Fink M, Raue F, Lacroix A, Thibodeau SN, Frilling A, Ponder 
BAJ, Eng C. Genotype-phenotype correlation in MEN 2: Report of the International RET 
Mutation Consortium. J Intern Med 1995; 238:343-6. 

36. Myers SM, Eng C, Ponder BAJ, Mulligan LM. Characterization of RET proto-oncogene 
3' splicing variants and polyadenylation sites: a novel C-terminal for RET. Oncogene 1995; 
11:2039-2045. 

37. Frilling A, Dralle H, Eng C, Raue F, Broelsch CE. Presymptomatic DNA screening in 
families with multiple endocrine neoplasia type 2 and familial medullary thyroid carcinoma. 
Surgery 1995; 118:1099-104. 

38. Borrello MG, Smith DP, Pasini B, Bongarzone I, Greco A, Lorenzo MJ, Arighi E, 
Miranda C, Eng C, Alberti L, Bocciardi R, Mondellini P, Scopsi L, Romeo G, Ponder 
BAJ, Pierotti MA. RET activation by germline MEN2A and MEN2B mutations. Oncogene 
1995; 11:2419-27. 

39. Toogood AA, Eng C, Smith DP, Ponder BAJ, Shalet SM. No mutation at codon 918 of 
the RET gene in a family with multiple endocrine neoplasia type 2B. Clin Endocrinol 1995; 
43:759-62. 



21 

40. Eng C*. Crossey PA*, Mulligan LM, Healey CS, Houghton C, Prowse A, Chew SL, 
Dahia PLM, O'Riordan JLH, Toledo SPA, Smith DP, Mäher ER, Ponder BAJ. Mutations 
of the i?£T proto-oncogene and the von Hippel-Lindau disease tumour suppressor gene in 
sporadic and syndromic phaeochromocytomas. J Med Genet 1995; 32:934-7. 

41. Marsh DJ, Learoyd DL, Andrew SD, Krishnan L, Pojer R, Richardson A-L, Delbridge L, 
Eng C, Robinson BG. Somatic mutations in the RET proto-oncogene in sporadic 
medullary thyroid carcinoma. Clin Endocrinol 1996; 44:249-57. 

42. Marsh DJ, Andrew SD, Eng C, Learoyd DL, Capes AG, Pojer R, Richardson A-L, 
Houghton C, Mulligan LM, Ponder BAJ, Robinson BG. Germline and somatic mutations 
in an oncogene: RET mutations in inherited medullary thyroid carcinoma. Cancer Res 
1996;56:1241-3. 

43. Neumann HPH, Eng C, Mulligan LM. Von Hippel-Lindau disease and 
pheochromocytoma. JAMA 1996; 275:839-40. 

44. Eng C, Foster KA, Healey CS, Houghton C, Gayther SA, Mulligan LM, Ponder BAJ. 
Mutation analysis of the c-mos proto-oncogene and the endothelin-B receptor gene in 
medullary thyroid carcinoma and phaeochromocytoma. Br J Cancer 1996; 74:339-41. 

45. Edery P, Attie T, Amiel J, Pelet A, Eng C, Hofstra RMW, Martelli H, Bidaud C, 
Munnich A, Lyonnet S. Mutation of the endothelin-3 gene in the Waardenburg- 
Hirschsprung disease (Shah-Waardenburg syndrome). Nature Genet 1996; 12:442-4. 

46. Eng C, Mulligan LM, Healey CS, Houghton C, Frilling A, Raue F, Thomas GA, Ponder 
BAJ. Heterogeneous mutation of the RET proto-oncogene in subpopulations of medullary 
thyroid carcinoma. Cancer Res 1996; 56:2167-70. 

47. Nelen MR, Padberg GW, Peeters EAJ, Lin A, van den Helm B, Frants RR, Coulon V, 
Goldstein AM, van Reen MMM, Easton DF, Eeles RA, Hodgson S, Mulvihill JJ, Murday 
VA, Tucker MA, Mariman ECM, Starink TM, Ponder BAJ, Ropers HH, Kremer H, 
Longy M, Eng C. Localization of the gene for Cowden disease to 10q22-23. Nature 
Genet 1996; 13:114-6. 

48. van Orsouw NJ, Li D, van der Vlies P, Scheffer H, Eng C, Buys CHCM, Li FP, Vijg J. 
Mutational scanning of large genes by extensive PCR multiplexing and two-dimensional 
electrophoresis: application to the RBI gene. Hum Mol Genet 1996; 5:755-61. 

49. Neumann HPH, Bender B, Zaüner I, Berger DP, Eng C, Brauch H, Zbar B. 
Monogenetic hypertension and pheochromocytoma. Am J Kidney Pis 1996; 28:329-33. 

50. Salomon R, Attie T, Pelet A, Bidaud C, Eng C, Amiel J, Sarnacki S, Goulet O, Ricour C, 
Nihoul-Fekete C, Munnich A, Lyonnet S. Germline mutations of a RET ligand, glial cell 
line-derived neurotrophic factor, are not sufficient to cause Hirschsprung disease. Nature 
Genet 1996; 14:345-347. 

51. Eng C, Clayton D, Schuffenecker I, Lenoir G, Cote G, Gagel RF, Ploos van Amstel HK, 
Lips CJM, Nishisho I, Takai S-I, Marsh DJ, Robinson BG, Frank-Raue K, Raue F, Xue 
F, Noll WW, Romei C, Pacini F, Fink M, Niederle B, Zedenius J, Nordenskjöld M, 
Komminoth P, Hendy GN, Gharib H, Thibodeau SN, Lacroix A, Frilling A, Ponder BAJ, 
Mulligan LM. The relationship between specific RET proto-oncogene mutations and 



22 

disease phenotype in multiple endocrine neoplasia type 2. International RET Mutation 
Consortium analysis. JAMA 1996; 276:1575-9. 

52. Ivanchuk SM, Myers SM, Eng C, Mulligan LM. De novo mutation of GDNF, ligand for 
the RET/GDNFR-oc receptor complex, in Hirschsprung disease. Hum Mol Genet 1996; 
5:2023-6. 

53. Schuffenecker I, Ginet N, Goldgar D, Eng C, Chambe B, Boneu A, Houdent C, Pallo D, 
Schlumberger M, Thivolet C, Lenoir GM. Prevalence and parental origin of de novo RET 
mutations in multiple endocrine neoplasia type 2A and familial medullary thyroid 
carcinoma. Am J Hum Genet 1997; 60:233-7. 

54. Kerangueven F, Eisinger F, Noguchi T, Allione F, Wargniez V, Eng C, Padberg G, 
Theillet C, Jacquemier J, Longy M, Sobol H, Birnbaum D. Loss of heterozygosity in 
human breast carcinomas in the ataxia telangiectasia, Cowden's disease and BRCA1 gene 
regions. Oncogene 1997; 14:339-47. 

55. Dahia PLM, Toledo SPA, Mulligan LM, Mäher ER, Grossman AB, Eng C. Mutation 
analysis of glial cell line-derived neurotrophic factor (GDNF), a ligand for the RET/GDNF 
receptor a complex, in sporadic phaeochromocytomas. Cancer Res 1997; 57:310-3. 

56. Boccia LM, Green JS, Joyce C, Eng C, Taylor SAM, Mulligan LM. Mutations of RET 
codon 768 is associated with the FMTC phenotype. Clin Genet 1997; 51:81-5. 

57. Marsh DJ, Zheng Z, Zedenius J, Kremer H, Padberg GW, Larsson C, Longy M, Eng C. 
Differential loss of heterozygosity in the region of the Cowden locus within 10q22-23 in 
follicular thyroid adenomas and carcinomas. Cancer Res 1997; 57:500-3. 

58. Marsh DJ, Andrew SD, Learoyd DL, Pojer R, Eng C, Robinson BG. Deletion-insertion 
mutation encompassing RET codon 634 is associated with medullary thyroid carcinoma. 
Hum Mutat 1997; Mutations in Brief #12 Online. 

59. Ivanchuk SM, Eng C, Cavenee WK, Mulligan LM. The expression of RET and its 
multiple splice forms in developing human kidney. Oncogene 1997; 14:1811-8. 

60. Liaw D, Marsh DJ, Li J, Dahia PLM, Wang SI, Zheng Z, Bose S, Call KM, Tsou HC, 
Peacocke M, Eng C*, Parsons R*. Germline mutations of the PTEN gene in Cowden 
disease, an inherited breast and thyroid cancer syndrome. Nature Genet 1997; 16:64-7. 
(*Joint Senior Authors) 

61. Woodward ER, Eng C, McMahon R, Voutilainen R, Affara NA, Ponder BAJ, Mäher ER. 
Genetic predisposition to phaeochromocytoma: analysis of candidate genes GDNF, RET 
and VHL. Hum Mol Genet 1997; 6:1051-6. 

62. Bidaud C, Salomon R, Vancamp G, Pelet A, Attie T, Eng C, Bonduelle M, Amiel J, 
Nihoulfekete C, Willems PJ, Munnich A, Lyonnet. Endothelin-3 gene mutations in isolated 
and syndromic Hirschsprung disease. Eur J Hum Genet 1997; 5:247-51. 

63. Marsh DJ, Dahia PLM, Zheng Z, Liaw D, Parsons R, Gorlin RJ, Eng C. Germline 
mutations in PTEN are present in Bannayan-Zonana syndrome. Nature Genet 1997; 
16:333-4. 



23 

64. Myers MP, Stolarov J, Eng C, Li J, Wang SI, Wigler MH, Parsons R, Tonks NK. 
PTEN, the tumor suppressor from human chromosome 10q23, is a dual specificity 
phosphatase. Proc Natl Acad Sei (USA) 1997; 94:9052-7. 

65. Marsh DJ, Zheng Z, Arnold A, Andrew SD, Learoyd D, Frilling A, Komminoth P, 
Neumann HPH, Ponder BAJ, Rollins BJ, Shapiro GI, Robinson BG, Mulligan LM, Eng 
C. Mutation analysis of glial cell line-derived neurotrophic factor (GDNF), a ligand for the 
RET/co-receptor complex, in MEN 2 and sporadic neuroendocrine tumors. JClin 
Endocrinol Metab 1997; 82:3025-8. 

66. Tsou HC, Teng D, Ping XL, Broncolini V, Davis T, Hu R, Xie XX, Gruener AC, 
Schräger CA, Christiano AM, Eng C, Steck P, Ott J, Tavtigian S, Peacocke M. Role of 
MMAC1 mutations in early onset breast cancer: causative in association with Cowden 
syndrome and excluded in Z?/?CA/-negative cases. Am J Hum Genet 1997; 61:1036-43. 

67. Gimm O, Marsh DJ, Andrew SD, Frilling A, Dahia PLM, Mulligan LM, Zajac JD, 
Robinson BG, Eng C. Germline dinucleotide mutation in codon 883 of the RETproto- 
oncogene in multiple endocrine neoplasia type 2B without codon 918 mutation. JClin 
Endocrinol Metab 1997; 82:3902-4. 

68. Dahia PLM, Marsh DJ, Zheng Z, Zedenius J, Komminoth P, Frisk T, Wallin G, Parsons 
R, Longy M, Larsson C, Eng C. Somatic deletions and mutations of PTEN in sporadic 
thyroid tumors. Cancer Res 1997; 57:4710-3. 

69. Marsh DJ, Roth S, Lunetta K, Hemminki A, Dahia PLM, Sistonen P, Zheng Z, Caron S, 
van Orsouw NJ, Bodmer WF, Cottrell S, Dunlop MG, Eccles D, Hodgson SV, Järvinen 
H, Kellokumpu I, Markie D, Neale K, Phillips R, Rozen P, Syngal S, Vijg J, Tomlinson 
JJPM, Aaltonen LA, Eng C. Exclusion of PTEN and 10q22-24 as the susceptibility locus 
for juvenile polyposis syndrome (JPS). Cancer Res 1997; 57:5017-21. 

70. Marsh DJ, Dahia PLM, Coulon V, Zheng Z, Dorion-Bonnet F, Call KM, Little R, Lin AY, 
Goldstein A, Eeles RA, Hodgson SV, Richardson A-L, Robinson BG, Weber HC, Longy 
M, Eng C. Allelic imbalance, including deletion of PTENIMMAC1, at the Cowden 
disease locus on 10q22-23 in hamartomas from patients with Cowden disease and germline 
PTEN mutation. Genes Chrom Cancer 1998; 21:61-9. 

71. Gordon CM, Majzoub JA, Marsh DJ, Mulliken J, Ponder BAJ, Robinson BG, Eng C. 
Four cases of mucosal neuroma syndrome: MEN 2B or not 2B? J Clin Endocrinol Metab 
1998;83:17-20. 

72. Schuffenecker I, Virally-Monod M, Brohet R, Goldgar D, Conte-Devolx B, Leclerc L, 
Chabre O, Boneu A, Caron J, Houdent C, Modigliani E, Rohmer V, Schlumberger M, 
Eng C, Guillausseau PJ, Lenoir G. Risk and penetrance of primary hyperparathyroidism 
in MEN 2A families with codon 634 mutations of the i?£Tproto-oncogene. JClin 
Endocrinol Metab 1998; 83:487-91. 

73. Eng C, Myers SM, Kogon MD, Sanicola M, Hession C, Cate RL, Mulligan LM. 
Genomic structure and chromosomal localisation of the human GDNFR-a gene. Oncogene 
1998; 16:597-601. 



24 

74. Peters N, Wellenreuther R, Rollbrocker B, Hayashi Y, Meyer-Puttlitz B, Dürr E-M, 
Lenartz D, Marsh DJ, Schramm J, Wiestier OD, Parsons R, Eng C, von Deimling A. 
Analysis of the PTEN gene in human meningiomas. Neuropathol Appl Neurobiol 1998; 
24:3-8. 

75. Marsh DJ, Coulon V, Lunetta KL, Rocca-Serra P, Dahia PLM, Zheng Z, Liaw D, Caron 
S, Duboue B, Lin AY, Richardson AL, Bonnetblanc J-M, Bressieux J-M, Cabarrot- 
Moreau A, Chompret A, Demange L, Eeles RA, Yahanda AM, Fearon ER, Fricker JP, 
Gorlin RJ, Hodgson SV, Huson S, Lacombe D, LePrat F, Odent S, Toulouse C, Olapade 
01, Sobol H, Tishler S, Woods CG, Robinson BG, Weber HC, Parsons R, Peacocke M, 
Longy M, Eng C. Mutation spectrum and genotype-phenotype analyses in Cowden 
disease and Bannayan-Zonana syndrome, two hamartoma syndromes with germline PTEN 
mutation. Hum Mol Genet 1998; 7:507-15. 

76. Feilotter HE, Nagai MA, Boag AH, Eng C, Mulligan LM. Analysis of PTEN and the 
10q23 region in primary prostate carcinomas. Oncogene 1998; 16:1743-8. 

77. Mulligan LM, Timmer T, Ivanchuk SM, Campling BG, Sundaresan V, Rabbitts PH, 
Hofstra RMW, Eng C. Investigations of the genes encoding RET and its ligand complex, 
GDNF/GFRoc-1, in small cell lung carcinoma. Genes Chrom Cancer 1998; 21:326-32. 

78. Dürr E-M, Rollbrocker B, Hayashi Y, Peters N, Meyer-Puttlitz B, Louis DN, Schramm J, 
Wiestler OD, Parsons R, Eng C, von Deimling A. PTEN mutations in gliomas and 
glioneuronal tumors. Oncogene 1998; 16:2259-2264. 

79. van Orsouw NJ, Dhanda RK, Rines RD, Smith WM, Sigalas I, Eng C, Vijg J. Rapid 
design of denaturing gradient-based two-dimensional electrophoretic gene mutation 
scanning tests. Nucleic Acid Res 1998; 26:2398-2406. 

80. Dahia PLM, FitzGerald MG, Zhang X, Marsh DJ, Zheng Z, Pietsch T, von Deimling A, 
Haluska FG, Haber DA, Eng C. A highly conserved processed PTEN pseudogene is 
located on chromosome band 9p21. Oncogene 1998; 16:2403-6. 

81. Pesche S, Latil A, Muzeau F, Cussenot O, Fournier G, Longy M, Eng C, Lidereau R. 
PTENIMMAC1ITEP1 involvement in primary prostate cancers. Oncogene 1998; 16:2879- 
83. 

82. Rines RD, van Orsouw NJ, Sigalas I, Li FP, Eng C, Vijg J. Comprehensive mutational 
analysis of p53 coding region by two-dimensional gene scanning. Carcinogenesisl998: 
19:979-84. 

83. Eng C, Peacocke M. PIETY mutation analysis as a molecular diagnostic tool in the 
inherited hamartoma-cancer syndromes. Nature Genet 19:223. 

84. Svensson P-J, Molander M-L, Eng C, Anvret M, Nordenskjöld A. Low frequency of 
RET mutations in Hirschsprung disease in Sweden. Clin Genet 1998; 54:39-44. 

85. Stratakis CA, Kirschner LS, Taymans SE, Tomlinson IPM, Marsh DJ, Torpy DJ, Eccles 
DM, Theaker J, Houlston RS, Blouin J-L, Antonarakis SE, Basson CT, Eng C, Carney 
JA. Carney complex, Peutz-Jeghers syndrome, Cowden disease, and Bannayan-Zonana 
syndrome share cutaneous and endocrine manifestations but not genetic loci. JClin 
Endocrinol Metab 1998; 83:2972-6. 



25 

86. FitzGerald MG, Marsh DJ, Wahrer D, Caron S, Bell S, Shannon KEM, Ishioka C, 
Isselbacher KJ, Garber JE, Eng C, Haber DA. Germline mutations in PTEN are an 
infrequent cause of genetic predisposition to breast cancer. Oncogene 1998; 17:727-32. 

87. Borrego S, Eng C, Sanchez B, Säez M-E, Navarro E, Antinolo G. Molecular analysis of 
the RET and GDNF genes in a family with multiple endocrine neoplasia type 2A and 
Hirschsprung disease. J Clin Endocrinol Metab 1998; 83:3361-4. 

88. Dhanda RK, van Orsouw NJ, Sigalas I, Eng C, Vijg J. Critical factors in the performance 
and cost of two-dimensional gene scanning: RBI as a model. BioTechniques 1998; 
25:664-75. 

89. Somerville RPT, Shoshan Y, Eng C, Barnett G, Miller D, Cowell JK. Molecular analysis 
of two putative tumour suppressor genes, PTEN and DMBT, which have been implicated 
in glioblastoma multiforme disease progression. Oncogene 1998; 17:1755-1757. 

90. Longy M, Coulon V, Duboue B, David A, Larregue M, Eng C, Amati P, Kraimps J-L, 
Bottani A, Lacombe D, Bonneau D. Mutations of PTEN in patients with Bannayan-Riley- 
Ruvalcaba phenotype. J Med Genet 1998; 35:886-9. 

91. Smith WM, van Orsouw NJ, Fox EA, Kolodner RD, Vijg J, Eng C. Accurate, high 
throughput "snapshot" detection of hMLHl mutations by two-dimensional electrophoresis. 
Genet Testing 1998; 2:43-53. 

92. Dhanda RK, Smith WM, Scott CB, Eng C, Vijg J. Automated two-dimensional DNA 
electrophoresis: application to genetic testing. Genet Testing 1998; 2:67-70. 

93. Dabora SL, Sigalas I, Hall F, Eng C, Vijg J, Kwiatkowski DJ. Comprehensive mutation 
analysis of TSC1 with two-dimensional DNA electrophoresis with DGGE. Ann Hum 
Genet 1998; 62:491-504. 

94. Marsh DJ, Dahia PLM, Caron S, Kum JB, Frayling IM, Tomlinson IPM, Hughes KS, 
Hodgson SV, Murday VA, Houlston R, Eng C. Germline PTEN mutations in Cowden 
syndrome-like families. J Med Genet 1998; 35:881-5. 

95. Houlston R, Bevan S, Williams A, Young J, Dunlop M, Rozen P, Eng C, Markie D, 
Woodford-Richens K, Rodriguez-Bigas M, Leggett B, Neale K, Phillips R, Sheridan E, 
Hodgson S, Twama T, Eccles D, Fagan K, Bodmer W, Tomlinson I. Mutations in DPC4 
(SMAD4) cause juvenile polyposis syndrome, but only account for a minority of cases. 
Hum Mol Genet 1998; 7:1907-1912. 

96. Eng C, Thomas GA, Neuberg DS, Mulligan LM, Healey CS, Houghton C, Frilling A, 
Raue F, Williams ED, Ponder BAJ. Mutation of the RET proto-oncogene is correlated with 
RET immunostaining in subpopulations of cells in sporadic medullary thyroid carcinoma. J 
Clin Endocrinol Metah 1998; 83:4310-3. 

97. Eng C, Marsh DJ, Robinson BG, Chow CW, Patton MA, Southey MC, Venter DJ, 
Ponder BAJ, Milla PJ, Smith VV. Germline #£Tcodon 918 mutation in apparently 
isolated intestinal ganglioneuromatosis. J Clin Endocrinol Metab 1998; 83:4191-4. 

98. Zori RT, Marsh DJ, Graham GE, Marliss EB, Eng C. Germline PTEN mutation in a 
family with Cowden syndrome and Bannayan-Ruvalcaba-Riley syndrome. Am J Med 
Genet 1998; 80:399-402. 



26 

99.     Feilotter HE, Coulon V, McVeigh JL, Boag AH, Dorion-Bonnet F, Duboue B, Latham 
WCW, Eng C, Mulligan LM, Longy M. Analysis of the 10q23 chromosomal region and 
the PTEN gene in human sporadic breast carcinoma. Br J Cancer 1999; 79:718-23. 

100. Myers SM, Salomon R, Gössling A, Pelet A, Eng C, von Deimling A, Lyonnet S, 
Mulligan LM. Absence of germline GFRa-1 mutations in Hirschsprung disease. JMed 
Genet 1999; 36:217-20. 

101. Dahia PLM, Aguiar RCT, Alberta J, Kum JB, Caron S, Sills H, Marsh DJ, Freedman A, 
Ritz J, Stiles C, Eng C. PTEN is inversely correlated with the cell survival factor 
PKB/Akt and is inactivated by diverse mechanisms in haematologic malignancies. Hum 
Mol Genet 1999; 8:185-93. 

102. Svensson PJ, Tapper-Persson M, Anvret M, Molander M-L, Eng C, Nordenskjöld A. 
Mutations in the endothelin-receptor ß gene in Hirschsprung disease in Sweden. Clin 
Genet 1999; 55:215-7. 

103. Gimm O, Neuberg DS, Marsh, DJ, Dahia PLM, Hoang-Vu C, Raue F, Hinze R, Dralle H, 
Eng C. Over-representation of a germline RET sequence variant in patients with sporadic 
medullary thyroid carcinoma and somatic i?£Tcodon 918 mutation. Oncogene 1999; 
18:1369-74. 

104. Otto LR, Boriack RL, Marsh DJ, Kum JB, Eng C, Burlina AB, Bennett MJ. Long-chain 
L-3-hydroxyacyl-coA dehydrogenase (LCHAD) deficiency does not appear to be the 
primary cause of lipid myopathy in patients with Bannayan-Riley-Ruvalcaba syndrome. 
Am J Med Genet 1999; 83:3-5. 

105. Gimm O, Gössling A, Marsh DJ, Dahia PLM, Myers SM, Mulligan LM, von Deimling A, 
Eng C. Somatic deletion of the gene encoding GFRa-1, a co-receptor of RET, in sporadic 
brain tumours. Br J Cancer 1999; 80:383-6. 

106. Nilsson O, Tisell L-E, Jansson S, Ahlman H, Gimm O, Eng C. Adrenal and extra-adrenal 
pheochromocytomas in a family with germline RET V804L mutation. JAMA 1999; 
281:1587-8. 

107. Vestergaard P, Kroustrup JP, Rönne H, Eng C, Laurberg P. Neuromas in multiple 
endocrine neoplasia type 2A with a 2?£Tcodon 611 mutation. J Endo Genet 1999; 1:33-8. 

108. Shannon KE, Gimm O, Hinze R, Dralle H, Eng C. Germline V804M mutation in the RET 
proto-oncogene in two apparently sporadic cases of MTC presenting in the seventh decade 
of life. J Endo Genet 1999; 1:39-46. 

109. Lauge A, Lefebvre C, Laurent-Puig P, Gad S, Eng C, Longy M, Stoppa-Lyonnet D. No 
evidence for germline PTEN mutations in families with breast and brain tumours. Intl J 
Cancer 1999; 84:216-9. 

110. Smith W, Eng C, Milla PJ. Intestinal ganglioneuromatosis and multiple endocrine 
neoplasia type 2B: implications for treatment. Gut 1999; 45:143-6. 



27 

111. Sarraf P, Mueller E, Smith WM, Wright HM, Kum JB, Aaltonen LA, de la Chapelle A, 
Speigelman BM, Eng C. Loss-of-function mutations in PPA/?yassociated with human 
colon cancer. Mol Cell 1999; 3:799-804. 

112. Syngal S, Fox EA, Davidio M, Li C, Eng C, Kolodner RD, Garber JE. Interpretation of 
genetic test results for hereditary nonpolyposis colorectal cancer. Implications for 
predisposition testing. JAMA 1999; 282:247-253. 

113. Bevan S, Woodford-Richens K, Rozen P, Eng C, Young J, Dunlop M, Neale K, Phillips 
R, Markie D, Rodriguez-Bigas M, Leggett B, Sheridan E, Hodgson S, Iwama T, Eccles 
D, Bodmer W, Houlston R, Tomlinson I. Screening SMAD1, SMAD2, SMAD3 and 
SMAD5 for germline mutations in juvenile polyposis syndrome. Gut 1999; 45:406-8. 

114. Clifford SC, Walsh S, Hewson K, Green EK, Brinke A, Green PM, Gianelli F, Eng C, 
Mäher ER. Genomic organisation and chromosomal localisation of the human CUL2 gene 
and the role of von Hippel-Lindau tumor suppressor-binding protein (CUL2 and VBP-1) 
mutation and loss in renal cell carcinoma development. Gene Chrom Cancer 1999; 26:20-8. 

115. Gimm O, Greco A, Hinze R, Dralle H, Pierotti M, Eng C. Sequence variants in NTRK1 
in human sporadic medullary thyroid carcinomas. J Clin Endocrinol Metab 1999; 84:2784- 
7. 

116. Marsh DJ, Kum JB, Lunetta KL, Bennett MJ, Gorlin PJ, Ahmed SF, Bodurtha J, Crowe 
C, Curtis MA, Dasouki M, Dunn T, Feit H, Geraghty MT, Graham JM, Hodgson SV, 
Hunter A, Korf BR, Manchester D, Miesfeldt S, Murday VA, Nathanson KA, Parisi M, 
Pober B, Romano C, Tolmie JL, Trembath R, Winter RM, Zackai EH, Zori RT, Weng 
LP, Dahia PLM, Eng C. PTEN mutation spectrum and genotype-phenotype correlations 
in Bannayan-Riley-Ruvalcaba syndrome suggest a single entity with Cowden syndrome. 
Hum Mol Genet 1999; 8:1461-72. 

117. Duerr EM, Gimm O, Kum JB, Clifford SC, Toledo SPA, Mäher ER, Dahia PLM, Eng C. 
Differences in allelic distribution of two polymorphisms in the VHL-associated gene CUL2 
in pheochromocytoma patients without somatic CUL2 mutations. J Clin Endocrinol Metab 
1999;84:3207-11. 

118. van Orsouw NJ, Dhanda RK, Elhaji Y, Narod SA, Li FP, Eng C, Vijg J. A highly 
accurate, low cost test for BRCA1 mutations. J Med Genet 1999; 36:747-753. 

119. Borrego S, Saez ME, Ruiz A, Gimm O, Lopez-Alonzo M, Antinolo G, Eng C. Specific 
sequence polymorphisms in the ftETproto-oncogene are over-represented in individuals 
with Hirschsprung disease and may represent loci modifying phenotypic expression. JMed 
Genet 1999; 36:771-774. 

120. Perren A, Weng LP, Boag AH, Ziebold U, Kum JB, Dahia PLM, Komminoth P, Lees JA, 
Mulligan LM, Mutter GL, Eng C. Immunocytochemical evidence of loss of PTEN 
expression in primary ductal adenocarcinomas of the breast. Am J Pathol (in press) 

121. Ahmed SF, Marsh DJ, Weremowicz S, Morton CC, Williams DM, Eng C. Balanced 
translocation of lOq and 13q, including the PTEN gene, in a boy with an HCG-secreting 
tumor and the Bannayan-Riley-Ruvalcaba syndrome. J Clin Endocrinol Metab (in press) 

122. Yeh JJ, Marsh DJ, Zedenius J, Dwight T, Delbridge L, Robinson BG, Eng C. Fine 
structure deletion analysis of 10q22-24 demonstrates novel regions of loss and suggests 



28 

that sporadic follicular thyroid adenomas and follicular thyroid carcinomas develop along 
distinct parallel neoplastic pathways. Gene Chrom Cancer (in press) 

123.    Weng LP, Smith WM, Dahia PLM, Ziebold U, Gil E, Lees JA, Eng C. PTEN suppresses 
breast cancer cell growth by phosphatase activity-dependent Gl arrest followed by cell 
death. Cancer Res (in press) 



29 

Reviews: 

1. Eng C, Blackstone MO. The Peutz-Jeghers syndrome. Med Rounds 1988; 1:165-71. 

2. Eng C, Skolnick AE, Come SE. Elevated creatine kinase and malignancy. Hosp Pract 
1990;25:123-30. 

3. Eng C, Ponder BAJ. The role of gene mutations in the genesis of familial cancers. 
FASEB J 1993; 7:910-9. 

4. Eng C, Stratton M, Ponder B, Murday V, Easton D, Sacks N, Watson M, Eeles R. 
Familial cancer syndromes. Lancet 1994; 343:709-13. 

5. Smith DP, Eng C, Ponder BAJ. Germline mutations of the RET proto-oncogene in the 
multiple endocrine neoplasia type 2 syndromes and Hirschsprung disease. J Cell Science 
1994; suppl 18:43-9. 

6. Chew SL, Eng C. Multiple endocrine neoplasia type 2 and related genetic conditions. Curr 
Opin Endocrinol Diahet 1995; 2:121-6. 

7. Reynolds LF, Eng C. RET proto-oncogene mutations in multiple endocrine neoplasia type 
2 and Hirschsprung disease. Curr Opin Pediatr 1995; 7:702-9. 

8. Eng C. Seminars in Medicine of the Beth Israel Hospital, Boston: RET proto-oncogene 
mutations in multiple endocrine neoplasia type 2 and Hirschsprung disease. N Engl J Med 
1996;335:943-51.   

9. Eng C, Mulligan LM. Mutations of the RET proto-oncogene in the multiple endocrine 
neoplasia type 2 syndromes, related sporadic tumours and Hirschsprung disease. Hum 
Mutat 1997; 9:97-109. 

10. Eng C. Predictive testing in hereditary medullary thyroid carcinoma. Acta Chir Austriaca 
1997; 29:5-8. 

11. Marsh DJ, Mulligan LM, Eng C. RET proto-oncogene mutations in MEN 2 and medullary 
thyroid carcinoma. Horm Res 1997; 47:168-78. 

12. Eng C, Vijg J. Genetic testing: the problems and the promise. Nature Biotechnol 1997; 
15:422-6. 

13. Eng C, Schneider KA, Fraumeni JF Jr, Li FP. Meeting report: third international 
workshop on collaborative multidisciplinary studies of p53 and other predisposing genes in 
Li-Fraumeni syndrome. Cancer Epidemiol Biomark Prevent 1997; 6:379-83. 

14. Edery P, Eng C, Munnich A, Lyonnet S. RET in human development and organogenesis. 
BioEssays 1997; 19:389-95. 

15. Neumann HPH, Bender BU, Januszewicz A, Janetschek G, Eng C. Pheochromocytome 
familial. Act Nephrol 1997: 337-50. 

16. Eng C. Cowden syndrome. J Genet Counsel 1997; 6:181-91. 



30 

17. Eng C. From bench to bedside ... but when? Genome Res 1997; 7:669-72. 

18. Antonarakis SE, Ashburner M, Auerback AD, Beaudet AL, Beckmann JS, Beutler E, 
Cooper DN, Cotton RGH, den Dünnen JT, Desnick RJ, Eng C, Fasman KH, Goldman 
D, Hayashi K, Hutchinson F, Kazazian HH, Keen J, King MC, Lehvaslaiho H, 
McAlpine, PJ, McKusick V, Motulski AG, Povey S, Schorderet DF, Scriver CR, Shows 
TB, Superti-Furga A, Tay AHN, Tsui L-C, Valle D, Vihinen M. Recommendations for a 
nomenclature system for human gene mutations. Hum Mutat 1998; 11:1-3. 

19. Eng C. Genetics of Cowden syndrome: through the looking glass of oncology. Intl J 
Oncol 1998; 12:701-10.   

20. Eng C. A novel tumor suppressor gene on chromosome 10 involved in endocrine 
neoplasia. Curr Opin Hndocrinol Diahef 1998; 5:40-8. 

21. Eng C, Ji H. Invited Editorial. Molecular classification of the inherited hamartoma 
polyposis syndromes: clearing the muddy waters. Am J Hum Genet 1998; 62:1020-2. 

22. Eng C. i?£Tproto-oncogene in the development of human cancer. J Clin Oncol 1999- 
17:380-93.   

23. Iliopoulos O, Eng C. Genetic and clinical aspects of familial renal neoplasms. Sem Oncol 
(in press) 

Books and Other Monographs: 

1. Eng C. The molecular genetics of the human type II procollagen gene and its application to 
the study of the chondrodystrophies. PhD dissertation. University of Chicago, 1986. 

2. Ponder BAJ, Eng C, Smith DP. Mutations of the RET proto-oncogene in the multiple 
endocrine neoplasia type 2 syndromes and Hirschsprung disease. Accomplishments in 
Cancer Research 1994. GM Cancer Research Foundation, New York, 1994:118-32. 

3. 

5. 

Neumann HPH, Eng C, Bender BU. Multiple endocrine neoplasia type 2. In: Sznjderman 
M, Januszewicz W, Januszwicz A, ed, Hormonal Hypertension. Wydawnictwo Naukowe 
Warsaw, 1997: 292-308. 

Mäher ER, Eng C. Genetics of phaeochromocytoma. In: Thakker RV, ed, Molecular 
Genetics of Endocrine Disorders Chapman and Hall, London, 1997: 279-89. 

Eng C, Ponder BAJ. Multiple endocrine neoplasia type 2 and medullary carcinoma of the 
thyroid. In: Grossman A, ed, Clinical Endocrinology. 2nd ed, Blackwell Science, Oxford 
1998:635-53. 

6. Eng C, Parsons R. Cowden syndrome. In: Vogelstein B, Kinzler KW, ed, The Genetic 
Basis of Human Cancer. McGraw Hill and Co., New York, 1998: 519-25. 

7. de la Chapelle A, Eng C. Molecular genetic diagnosis in hereditary cancer. In: Perry MC, 
ed, ASCO Educational Book, Lippincott, Williams and Wilkins, Baltimore, MD, 
1999:445-453. 



31 

8. Eng C, Mäher ER. Dominant genes and phacomatoses associated with multiple primary 
cancers. In: Neugut AI, Robinson E, Meadows AT, eds, Multiple Primary Cancers. 
Lippincott, Williams and Wilkins, Philadelphia, 1999: 165-196. 

9. Eng C, Parsons P. Cowden syndrome. In: Scriver CR, Beaudet AL, Sly WS, Valle D, 
Childs B, Vogelstein B, eds, The Metabolic and Molecular Bases of Inherited Disease. 8th 
ed, McGraw Hill and Co., New York (in press) 

10. Gimm O, Eng C. Medullary thyroid carcinoma. In: Souhami RL, Tannock I, 
Hohenberger P, Horiot J-C, eds, Oxford Textbook of Oncology. 2nd ed, Oxford 
University Press, Oxford (in press) 

11. Eng C. Cowden syndrome. In: Thakker RV, Wiersinga W, eds, Oxford Textbook of 
Endocrinology. Oxford University Press, Oxford (in press) 

12. Mulligan LM, Eng C. Dissecting the genetics of the /?£Tproto-oncogene: paradigm for 
the practice of molecular medicine. In: Ehrlich M, ed, DNA Alterations in Cancer: Genetic 
and Epigenetic Changes. BioTechniques Books, Natick, MA (in press) 

13. Eng C, Burt R, Talbot I. Cowden sydnrome. In: Hamilton S, Aaltonen L, eds, Pathology 
and molecular genetics of digestive tract tumours (WHO Classification of Tumours), IARC 
Press, Lyon (in press) 

14. Dahia PLM, Eng C, Eds, Genetic Disorders of Endocrine Neoplasia. Karger, Basel (in 
preparation) 



32 

Abstracts: 

1. Eng CEL, Strom CM. Analysis of Hindlll polymorphisms in the human type II collagen 
gene in achondroplasia. Pediatr Res 1985; 19:247A. 

2. Strom CM, Eng CEL, Christides T, Belles C, Pauli R. Detection of gene deletions in the 
human type II collagen gene in 8 patients with achondroplasia using gene dosage analysis. 
Pediatr Res 1985; 19:254A. 

3. Eng CEL, Strom CM. Difference in type II procollagen genotype distribution between 
patients with sporadic achondroplasia and their normal parents. Am J Hum Genet 1985; 
37:A152. 

4. Strom CM, Eng CEL. Deletion of the promotor and the majority of the type II procollagen 
gene in 2 patients with achondroplasia. Am J Hum Genet 1985; 37:A177. 

5. Vitek CR, Strom CM, Fee M, Eng CEL, Rich SS, Orr HT, Gorlin RJ, Whitley CB. 
Analysis of type II procollagen gene in skeletal dysplasias and identification of a new, rare 
RFLP. Am J Hum Genet 1985; 37:A180. 

6. Eng C. Organization of the mitochondrial genome in the fungal genus Ustilago. Medicine 
on the Midway 1988; 42:14. 

7. Eng C, Abramson DH, Ellsworth RM, Boice JD, Jr, Seddon J, Goldman M, Li FP. 
Causes of late mortality in retinoblastoma patients. Proc Am Assoc Cancer Res 1991; 
32:221 (Abs 1317). 

8. Ponder BAJ, Mulligan LM, Kwok JB, Eng C, Tunnacliffe AG, Ponder MA, Gardner E, 
Moore JK, Healey K, Elsdon MJ. The molecular genetics of multiple endocrine neoplasia 
type 2 (MEN 2). Interactions of Cancer Susceptibility Genes and Environmental 
Carcinogens (AACR/IARC). Lyon, France, 1993. 

9. Neumann HPH, Mulligan LM, Kwok JBJ, Eng C, Ponder BAJ. Germ-line mutations of 
the /?£Tproto-oncogene in multiple endocrine neoplasia type 2A. Deutsche Gesellschaft 
Endokrinol. March, 1994. 

10. Ponder B, Mulligan L, Kwok J, Eng C, Tunnacliffe A, Ponder M, Gardner E, Moore J, 
Healey K, Elsdon M. The molecular genetics of multiple endocrine neoplasia-2 (MEN 2). J 
Cell Biochem 1994; S18D:98. 

11. Eng C, Mulligan LM, Smith DP, Kwok JBJ, Nagai MA, Healey CS, Ponder MA, 
Gardner E, Moore JK, Elsdon MJ, Tunnacliffe A, Ponder BAJ. The molecular genetics of 
multiple endocrine neoplasia type 2. March of Dimes 25th Clinical Genetics Conference. 
Orlando, FL, March, 1994. 

12. Ponder B, Mulligan L, Eng C, Edery P, Lyonnet S, Smith D, Tunnacliffe A, Kwok J. 
The multiple endocrine neoplasia type 2 syndromes and Hirschsprung disease are due to 
different mutations in the receptor tyrosine kinase RET. Fourth European Workshop on 
Cvtoeenetics and Molecular Genetics of Human Solid Tumors. Netherlands, April, 1994. 



33 

13. Lyonnet S, Attie T, Pelet A, Eng C, Edery P, Nihoul-Fekete C, Ponder BAJ, Munnich A. 
Spectrum of mutations of the ret proto-oncogene in Hirschsprung's disease. Am J Hum 
Genet 1994; 55 (suppl):A6 (Abstract 19). 

14. Attie T, Eng C, Mulligan LM, Edery P, Verellen C, Ponder BAJ, Munnich A, Lyonnet S. 
Mutations in exon 10 of the ret proto-oncogene in Hirschsprung's disease. Am J Hum 
Genet 1994; 55 (suppl):A210 (Abstract 1223). 

15. Eng C, Mulligan LM, Lyonnet S, Edery P, Smith DP, Kwok JBJ, Gardner E, Healey 
CS, Ponder MA, Munnich A, Ponder BAJ. Mutations of the RET proto-oncogene in the 
multiple endocrine neoplasia type 2 syndromes and Hirschsprung disease. J Med Genet 
1995; 32:135. 

16. Binchy A, Evans G, Eng C, Ponder B, Crauford D. Factors influencing decisions on 
whether to proceed with predictive testing for breast/ovarian cancers. J Med Genet 1995; 
32:140. 

17. Eng C, Toogood AA, Ponder BAJ, Shalet SM. A family with multiple endocrine 
neoplasia type 2B which does not have a mutation at codon 918 of exon 16 of the RET 
proto-oncogene. J Endocrinol 1995; 144S:P44. 

18. Dahia PLM, Aguiar RCT, Eng C, Crossey PA, Mäher ER, Grossman A, Ponder BAJ, 
Toledo SPA. Molecular analysis of p53, VHL, RET genes in pheochromocytoma. The 
Endocrine Society 1995; 614 (P3-584). 

19. Ivanchuk S, Eng C, Myers S, Mulligan LM. Expression of alternatively spliced RET 
transcripts in the developing human kidney and Wilms' tumor. Genetics Society of 
Canada. Guelph, ON, June 1995. 

20. Myers SM, Eng C, Ponder BAJ, Mulligan LM. Characterization of RET proto-oncogene 
3' splicing variants and polyadenylation sites: a novel C-terminal for RET. Am J Hum 
Genet 1995; 37S:A73 (Abstract 389). 

21. Ivanchuk S, Eng C, Myers S, Mulligan LM. Expression of alternatively spliced RET 
transcripts in the developing human kidney and Wilms' tumor. Am J Hum Genet 1995; 
37S.-A302 (Abstract 1751). 

22. Lin A, Longy M, Goldstein A, Mulvihill J, Ponder B, Tucker M, Eng C. Localization of 
Cowden's disease gene to chromosome 10q22-23. Proc Am Soc Clin Oncol 1996; 15:1746 
(Abstract 2003). 

23. Mulligan L, Eng C, International RET Mutation Consortium. RET mutations in multiple 
endocrine neoplasia type 2. International Congress of Endocrinology 1996 

24. Eng C, Mulligan LM, International RET Mutation Consortium. RET proto-oncogene 
mutations in multiple endocrine neoplasia type 2 and medullary thyroid carcinoma. 39e 
Journees Internationales Klotz d'Endocrinologie Cliniques. 1996 

25. Woodward ER, Eng C, Affara NA, Ponder BAJ, Mäher ER. Molecular genetic 
investigations of familial phaeochromocytoma. J Med Genet 1996; 33 (suppl 1): SP14. 



i   r 
34 

26. Eng C, Mulligan LM. The International RET Mutation Consortium database: RET proto- 
oncogene mutations in multiple endocrine neoplasia type 2 and related sporadic tumours. 
3rd HUGO Mutat Database Mtp. Oct. 29, 1996. 

27. Eng C, Nelen MR, Marsh DJ, Lin AY, Coulon V, Goldstein AM, Mulvihill JJ, Tucker 
MA, Zedenius J, Ponder BAJ, Kremer H, Longy M, Padberg GW, International Cowden 
Consortium. Mapping of the susceptibility gene for Cowden disease to 10q22-23 and 
genetic analysis in related tumours. Am J Hum Genet 1996; 59S:A6 (Abstract 18). 

28. Salomon R, Attie T, Pelet A, Bidaud C, Eng C, Munnich A, Lyonnet S. Germline 
mutations of the Ret ligand, GDNF, are not sufficient to cause Hirschsprung disease. AmJ 
Hum Genet 1996; 59S:A283 (Abstract 1640). 

29. Eeles RA, Lloyd S, Murday V, Ebbs SR, Davidson J, Eng C, Ponder B, Sacks N, 
Watson M. An evaluation of genetic counselling on risk perception, mental health and 
cancer-related worry in women at risk of breast cancer: a prospective study in 283 women. 
AmJ Hum Genet 1996; 59S:A334 (Abstract 1949). 

30. Mulligan LM, Ivanchuk SM, Campling BG, Sundaresan V, Rabbitts PH, Eng C. 
Analysis of RET and RET ligand (GDNF) in small cell lung carcinoma. Am J Hum Genet 
1996; 59S:A345 (Abstract 2010). 

31. Nelen MR, von Deimling A, Boerman D, Mariman E, Eng C, International Cowden 
Consortium, Kremer H, Padberg GW. LOH studies in human brain tumors with markers 
derived from the Cowden critical region. Am J Hum Genet 1996; 59S:A345 (Abstract 
2011). 

32. Kilgallen C, Smith W, Shapiro S, Cano-Diaz S, Vijg J, Eng C, Wolfe HJ. Long chain 
PCR on archival material for rapid detection of point mutations and molecular screening for 
prognostic factors in neoplastic progression. Lab Invest 1997; 76:1072 

33. Kilgallen C, Diaz-Cano S, Eng C, Wolfe HJ. Glial cell line-derived neurotrophic factor 
(GDNF) expression in normal and neoplastic tissues: an immunohistochemical study. Lab 
Invest 1997: 76 

34. Syngal S, Fox E, Eng C, Garber JE, Kolodner RD. Presence of more than one hMSH2 
and hMLHl mutation in four hereditary nonpolyposis colon cancer (HNPCC) kindreds. 
Gastroenterol 1997; 112:A664. 

35. Schuffenecker I, Virally-Monod, Brohet R, Goldgar D, Conte-Devolx B, Leclerc L, 
Chabre O, Caron J, Houdent C, Modigliani E, Rohmer V, Schlumberger M, Eng C, 
Guillausseau PJ, Lenoir G, GETC. Risk and penetrance of primary hyperparathyroidisim 
in MEN 2A families with 634 mutations of the #£Tproto-oncogene. Sixth Intl MEN VHL 
Wkrshp 1997: 78 (Abstract 209). 

36. Eng C, Mulligan L, International RET Mutation Consortium. Genotype-phenotype 
correlation in MEN 2. Sixth Intl MEN VHL Wrkshp 1997: 98 (Abstract 229). 

37. Marsh DJ, Zheng Z, Arnold A, Andrew SD, Learoyd D, Frilling A, Komminoth P, 
Neumann HPH, Ponder BAJ, Rollins BJ, Shapiro GI, Robinson BG, Mulligan LM, Eng 
C. Mutation analysis of glial cell line-derived neurotrophic factor (GDNF), a ligand for the 
RET/co-receptor complex, in MEN 2 and sporadic neuroendocrine tumours. Sixth Intl 
MEN VHL Wrkshp 1997: 120 (Abstract 251). 



35 

3 8.     Woodward ER, Dahia PLM, McMahon R, Voutilainen R, Affara NA, Ponder BAJ, Maher 
ER, Eng C. Genetic predisposition to phaeochromocytoma: analysis of candidate genes 
GDNF, RET and VHL. Sixth Intl MEN VHL Wrkshp 1997: 138 (Abstract 269). 

39. Mulligan LM, Timmer T, Ivanchuk SM, Eng C, Hofstra RMW. RET and its ligand 
components, GDNF and GDNFR-a, in small cell lung carcinoma. Sixth Intl MEN VHT. 
Wrkshp 1997: 164 (Abstract 323). 

40. Marsh DJ, Zheng Z, Zedenius J, Larsson C, Komminoth P, Longy M, Eng C. Loss of 
heterozygosity (LOH) in the region of the Cowden disease locus on 10q22-23 in sporadic 
thyroid tumours. Sixth Intl MEN VHL Wrkshp 1997: 165 (Abstract 324). 

41. Tsou HC, Ping X, Xie X, Yao Y, Schräger C, Gruener A, Christiano AM, Liaw D, 
Parsons R, Eng C, Peacocke M. The molecular basis of Cowden's syndrome. J Invest 
Dermatol 1997; 109:HB5. 

42. Eng C, Marsh D, Liaw D, Dahia P, Li J, Zheng Z, Tsou H, Peacocke M, Gorlin R, 
Parsons R. Germline mutations of the PTEN gent in Cowden disease and Bannayan- 
Zonana syndrome. Am J Hum Genet 1997;61S:A15 (Abstract 69). 

43. Coulon V, Feilotter HE, Boag AH, Dorion-Bonnet F, Duboue B, Latham WCW, Eng C, 
Longy M, Mulligan LM. Loss of heterozygosity of chromosomal region 10q23 in human ' 
sporadic breast carcinoma. Am J Hum Genet 1997; 61S:A63 (Abstract 335). 

44. Dahia PLM, Marsh DJ, Zheng Z, Zedenius J, Komminoth P, Parsons R, Longy M, 
Larsson C, Eng C. Mutation and deletion analysis of the Cowden disease gene, PTEN, in 
sporadic nonmedullary thyroid tumors. Am J Hum Genet 1997; 61S:A63 (Abstract 338). 

45. Feilotter HE, Nagai MA, Boag AH, Eng C, Mulligan LM. Analysis of the PTEN coding 
region in primary prostate carcinomas. Am J Hum Genet 1997; 61S:A65 (Abstract 348). 

46. Tsou HC, Teng D, Ping XL, Broncolini V, Davis T, Hu R, Xie XX, Gruener AC, 
Schräger CA, Christiano AC, Eng C, Steck P, Ott J, Tavtigian S, Peacocke M. Role of 
MMAC1 mutations in early onset breast cancer: causative in association with Cowden 
syndrome and excluded in BRCA1 -negative cases. Am J Hum Genet 1997; 61S: A85 
(Abstract 468). 

47. Myers SM, Eng C, Hession C, Cate R, Kogon MD, Mulligan LM. The physical 
structures of GDNFR-a and NDNR-a. Am J Hum Genet 1997; 61S:A381 (Abstract 
2231). 

48. Weber HC, Marsh D, Lubensky I, Lin A, Eng C. Germline PTEN/MMAC1/TEP1 
mutations and association with gastrointestinal manifestations in Cowden disease. 
Gastroenterol 1998; 114S: G2902. 

49. Eng C. Cowden syndrome and Bannayan-Ruvalcaba-Riley syndrome: PTEN mutation 
analysis as a molecular diagnostic tool? Horm Metab Res 1998; 30:288-9. 

50. Eng C. Cowden syndrome: update on genetic mechanisms and clinical features. J Cancer 
Res Clin Oncol 1998; 124: S16 (TL14). 



36 

51. Eng C, Mulligan LM, International RET Mutation Consortium. Genotype-phenotype 
correlations in MEN 2 and genotype-prognosis studies in sporadic medullary thyroid 
carcinoma. J Invest Endocrinol (in press) 

52. Eng C, Smith WM, van Orsouw NJ, Dhanda RK, Rines RD, Sigalas I, Fox EA, 
Kolodner RD, Vijg J. DGGE-based two-dimensional gene scanning as a rapid, accurate, 
cost-effective technology for snapshot detection of mutations. Am J Hum Genet 1998; 
63S:A20 (Abstract 145) 

53. Gimm O, Neuberg DS, Marsh DJ, Dahia PLM, Hoang-Vu C, Raue F, Hinze R, Dralle H, 
Eng C. Over-representation of a germline RET sequence variant in patients with sporadic 
medullary thyroid carcinoma and somatic 7?£Tcodon 918 mutation. Am J Hum Genet 
1998; 63S:A20 (Abstract 102) 

54. Dabora S, Sigalas I, Peters S, Eng C, Vijg J, Kwiatkowski D. Comprehensive mutational 
analysis of TSC1 by two-dimensional DGGE. Am J Hum Genet 1998; 63S:A229 (Abstract 
1313) 

55. Gössling A, Gimm O, Marsh DJ, Dahia PLM, Myers SM, Mulligan LM, von Deimling A, 
Eng C. Somatic deletion of the gene encoding GFRa-1, a co-receptor of RET, in sporadic 
brain tumours. Am J Hum Genet 1998; 63S:A71 (Abstract 377) 

56. Cummings S, Marsh DJ, Sveen LW, Eng C, Olopade 01. Cowden syndrome (CS) in 
African American (AA) kindreds: identification of germline PTEN mutation in a male breast 
cancer patient. Am J Hum Genet 1998; 63S:A66 (Abstract 349) 

57. Danziger K, Syngal S, Fox E, Eng C, Kolodner R, Garber J. hMLHl and hMSH2 
mutations in patients with early-onset colorectal cancer (CRC). Am J Hum Genet 1998; 
63S:A66 (Abstract 350) 

58. Mäher ER, Clifford SC, Walsh S, Hewson K, Brinke A, Green PM, Gianelli F, Eng C. 
Characterisation and mutation analysis of candidate renal cell carcinoma genes (Cul2 and 
VBP-1). Am J Hum Genet 1998; 63S:A77 (Abstract 414) 

59. Dasouki MJ, Roe CR, Butler MG, Eng C. Fatty myopathy in Bannayan-Zonana 
syndrome is not due to LCHAD (long chain 3-hydroxy acyl co-A dehydrogenase) 
deficiency. Am J Hum Genet 1998; 63S:A265 (Abstract 1526) 

60. Marsh DJ, Kum JB, Lunetta KL, Bennet MJ, Hunter A, Gorlin RJ, Dahia PLM, Eng C. 
Germline mutation analysis and genotype-phenotype correlations in Bannayan-Riley- 
Ruvalcaba syndrome. Proc Am Assoc Cancer Res 1999; 40:272 (Abstract 1804) 

61. Dahia PLM, Aguiar RCT, Alberta J, Kum JB, Caron S, Heinz S, Marsh DJ, Ritz J, 
Freedman A, Stiles C, Eng C. PTEN is inversely correlated with the cell survival factor 
Akt/PKB and is inactivated via multiple mechanisms in haematologic malignancies. Proc 
Am Assoc Cancer Res 1999; 40:281-2 (Abstract 1869) 

62. Eng C. The role of PTEN in Cowden syndrome and multiple sporadic cancers. Proc 
Seventh Intl MEN Wkshop 1999; 147-52 (Plenary) 

63. Gimm O, Greco A, Hoang-Vu C, Dralle H, Pierotti MA, Eng C. Mutation analysis 
reveals novel sequence variants in NTRK1 in sporadic human medullary thyroid 
carcinoma. Proc Seventh Intl MEN Wkshop 1999; 265 (Poster Th 22) 



37 

64. Gimm O, Neuberg DS, Marsh DJ, Dahia PLM, Hoang-Vu C, Raue F, Hinze R, Dralle H, 
Eng C. Over-representation of the germline RET sequence variant S836S in patients with 
sporadic medullary thyroid carcinoma and somatic 7?£Tcodon 918 mutation. Proc Seventh 
Intl MEN Wkshop 1999; 266 (Poster Th 23) 

65. Tisell L-E, Nilsson O, Jansson S, Nilsson B, Ahlman H, Gimm O, Eng C. Adrenal and 
extra-adrenal pheochromocytomas in a family with germline RET V804L mutations, 
previously associated only with familial medullary thyroid carcinoma. Proc Seventh Intl 
MEN Wkshop 1999; 282 (Poster Th 37) 

66. Gimm O, Gössling A, Marsh DJ, Dahia PLM, Mulligan LM, von Deimlin A, Eng C. 
Mutation and deletion analysis of GFRcc-1, encoding the coreceptor for the GDNF/RET 
complex, in human brain tumours. Proc Seventh Intl MEN Wkshop 1999; 284 (Poster Th 
38) 

67. Eng C, Sarraf P, Mueller E, Smith WM, Wright HM, Kum JB, Aaltonen LA, de la 
Chapelle A, Spiegelman BM. Loss of function mutations in PPARgamma in sporadic 
primary colorectal cancer. Am J Hum Genet 1999; 64S (in press) 

68. Duerr EM, Gimm O, Kum JB, Clifford SC, Toledo SPA, Mäher ER, Dahia PLM, Eng C. 
Two polymorphisms in the VHL-associated gene CUL2 are over-represented in 
pheochromocytoma patients without somatic CUL2 mutations. Am J Hum Genet 1999; 
64S (in press) 

69. Gimm O, Borrego S, Saez ME, Ruiz A, Löpez-Alonzo M, Eng C, Antinolo G Specific 
sequence polymorphisms in the /J£Tproto-oncogene are over-represented in individuals 
with Hirschsprung disease and may represent loci modifying phenotypic expression. Am J 
Hum Genet 1999; 64S (in press) 

70. Yeh JJ, Lunetta KL, Dahia PLM, Eng C. Mitochrondrial DNA (mtDNA) mutations in 
papillary thyroid carcinoma and differential mtDNA sequence variants in cases with 
malignant versus benign thyroid tumors. Am J Hum Genet 1999; 64S (in press) 

71. Hampel H, Poling BA, Curtis M, Mascari M, Fromkes JJ, Eng C. Familial Barrett 
esophagus: a true hereditary cancer syndrome. Am J Hum Genet 1999; 64S (in press) 

Newsletters and Misc.: 

1. Eng C, Li FP. Retinoblastoma in families. New England Retinoblastoma Support Group. 
Spring 1991. 

2. Writer for Trends in Genetics Monitor, 1994 


